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(54) LEAK TESTING DEVICE AND LEAK TESTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the 
manufacturing efficiency of a fuel cell by efficiently 
conducting leak test. 

SOLUTION: In the manufacture of a fuel cell 10 having a 
built-in manifold, the specified number of separators and 



electrolyte membranes for constituting the fuel cell 10 
are stacked on a lower block, an upper block is placed 
thereon, then they are fastened with nuts. By keeping 
this state for the specified time, adhesion of a fuel cell 
stack is completed. Inspection fluid such as nitrogen gas 
is supplied to a manifold within a fuel cell from an 
inspection fluid supply path installed in the lower block 
or the upper block, and a leak test is conducted. 




Therefore, after completion of connection of fuel cell 
stacks 100A-100D, since a leak test can be conducted 
in this state, efficiency of the leak test is enhanced and 
the manufacturing efficiency of the fuel cell can also be 
enhanced. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Laminate an electrolyte membrane pinched with a separator with which a gas- 
passageway hole which gas for power generation characterized by comprising the following 
passes was provided, and this separator, and it is formed, A leakage testing device of a fuel cell 
layered product which built in a gas manifold which this gas-passageway hole is mutually open 
for free passage, and supplies said gas for power generation to said electrolyte membrane. 
The 1st block by which said separator and said electrolyte membrane are laminated. 
A positioning member which is set up by this 1st block and positions said separator laminated. 
The 2nd block carried from said laminated separator and an electrolyte membrane. 
An inspection fluid feeding passage which is provided with a fastening member which concludes 
said 1 st block and the 2nd block, carries out an opening to a position which has a gas- 
passageway hole of said separator in either [ at least ] said 2nd block or the 1st block, and 
supplies predetermined inspection fluid to said gas manifold. 

[Claim 2] A fuel gas passage hole which fuel gas passes, and an oxidizing gas passage hole 
through which oxidizing gas passes, Laminate said separator formed as said gas-passageway 
hole, and it is formed, An oxidation gas manifold which said electrolyte, on the other hand, 
resembles a fuel gas manifold which supplies said fuel gas to one side of said electrolyte 
membrane, and supplies said oxidizing gas, The 1st inspection fluid feeding passage that carries 
out an opening to a position which is a leakage testing device of the fuel cell layered product 
according to claim 1 built in as said gas manifold, and has said fuel gas passage hole, and 
supplies predetermined inspection fluid to said fuel gas manifold, A leakage testing device with 
which the 2nd inspection fluid feeding passage that carries out an opening to a position with said 
oxidizing gas passage hole, and supplies predetermined inspection fluid to said oxidation gas 
manifold is established in either said 2nd block or said 1st block. 

[Claim 3]In addition to said gas-passageway hole, laminate said separator with which a cooling 
water passage hole which cooling water passes was provided, and it is formed, It is a leakage 
testing device of the fuel cell layered product according to claim 1 which built in a cooling water 
manifold which said cooling water passage hole opened for free passage mutually in addition to 
said gas manifold, A leakage testing device with which the 3rd inspection fluid feeding passage 
that carries out an opening to a position with said cooling water passage hole in addition to said 
inspection fluid feeding passage, and supplies predetermined inspection fluid to said cooling 
water manifold is established in either said 2nd block or the 1st block. 

[Claim 4]The leakage testing device according to claim 1 formed in a specified position of said 
2nd block or the 1st block which did not twist an inspection fluid feed hopper for supplying said 
inspection fluid to said inspection fluid feeding passage in form of said separator laminated, but 
was provided with this inspection fluid feeding passage. 

[Claim 5]The leakage testing device according to claim 1 constituted by said 1st block of a 
palette for conveyance and one. 

[Claim 6]A leakage testing device which it is the leakage testing device according to claim 1, and 
said fastening member is a fastening member concluded using fastening force of a screw, and is 
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provided with said 2nd block of a nut of said fastening member or an omission prevention 
member of a bolt. 

[Claim 7]The leakage testing device according to claim 1 with which it is the leakage testing 
device according to claim 1, and a buffer member which adjusts fastening force which is 
concluded by said fastening member and added to said laminated electrolyte membrane and a 
separator is provided at least in one side by the side of said 2nd block or the 1st block, 
[Claim 8]Laminate an electrolyte membrane pinched with a separator with which a gas- 
passageway hole which gas for power generation passes was provided, and this separator, and it 
is formed, Positioning by a positioning member which is the leakage test method of a fuel cell 
layered product which built in a gas manifold by which this gas-passageway hole is mutually open 
for free passage, and supplies said gas for power generation to said electrolyte membrane, and 
was set up by the 1 st block. Laminate said separator on this 1st block, and the 2nd block is 
carried from on said laminated separator and an electrolyte membrane, After concluding this 2nd 
block to the 1st block, it is provided in either [ at least ] said 2nd block or the 1st block, A 
leakage test method of supplying predetermined inspection fluid to said gas manifold, and 
inspecting disclosure existence of this gas manifold from an inspection fluid feeding passage 
which carries out an opening to a position with a gas-passageway hole of said separator. 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bii)/1xan_web_cg^ 2010/12/15 



JP,2001 -023665 A [DETAILED DESCRIPTION] 



1/16 ^— V 



* NOTICES * 

JPO and IMP IT are not responsible for any 
damages caused by the use of this translation. 

EThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the technology of carrying out the leakage test 
of the fuel cell layered product which laminated the solid-electrolyte membrane and the 
separator in detail, about the technology of manufacturing and examining a fuel cell. 
[0002] 

[Description of the Prior Art] A fuel cell supplies the fuel gas containing hydrogen to the anode 
side, supplies the oxidizing gas containing oxygen to the cathode side, and changes directly into 
electrical energy the chemical energy which fuel has using the electrochemical reaction which 
occurs on two poles. The general form of such a fuel cell arranges the electrode of a couple on 
both sides of an electrolyte membrane, and supplies the oxidizing gas which contains oxygen in 
the electrode (cathode) of another side for the fuel gas which contains hydrogen in one 
electrode (anode). In the polymer electrolyte fuel cell, solid polyelectrolyte membrane is used for 
the electrolyte membrane. 

[0003]A fuel cell takes the stack structure which laminated the cell (called a single cell), in order 
to acquire sufficient electromotive force, a single cell pinches an electrolyte membrane with the 
gas diffusion electrode of two sheets, and forms sandwich structure — this sandwich structure - 
- gas — it has structure further pinched with the separator [ **** / un-]. If fuel gas and 
oxidizing gas are supplied to each of two gas diffusion electrodes of an electrolyte membrane, 
electrochemical reaction will occur on both sides of an electrolyte membrane, and electromotive 
force will arise in each single cell. In order to acquire required electromotive force, this single cell 
is laminated and the fuel cell of stack structure is constituted. 

[0004]In such a polymer electrolyte fuel cell, the electrolyte membrane has played the role which 
separates the fuel gas supplied to a single cell, and oxidizing gas, and the role which prevents 
gas from mixing a separator between the adjoining single cells is played. Therefore, in order for a 
polymer electrolyte fuel cell to protect mixing with fuel gas and oxidizing gas, it becomes 
important to fully secure the sealing nature between an electrolyte membrane and a separator at 
the periphery of each single cell. 

[0005]Usually, the method of pasting up an electrolyte membrane and a separator using 
adhesives, the method of sticking an electrolyte membrane and a separator by thermo 
compression bonding, etc. are used for such a seal. For example, the applicant is indicating the 
technology of realizing sufficient seal between an electrolyte membrane and a separator, in 
JP,9~1 99145,A If these technology is used, compared with the case where the seal of between 
an electrolyte membrane and separators is carried out using an O ring, there is an advantage 
which can miniaturize seal structure and can miniaturize the whole fuel cell by extension. Since 
it is necessary to carry out fixed time application-of^pressure maintenance of jointing or the 
compression bonding part in order to acquire sufficient sealing nature by adhesives or thermo 
compression bonding, an electrolyte membrane and a separator are laminated and it sets to a 
pressing machine, and the quality of a seal is inspected after carrying out fixed time (typically 
about 10 hours) application-of^pressure maintenance. In order to prevent the fuel gas supplied 
and oxidizing gas from being mixed certainly, this leak detection is carried out about all the 
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manufactured fuel cells. 
[0006] 

[Problem to be solved by the invention]However, the layered product of the electrolyte 
membrane by which application-of-pressure adhesion was carried out is taken out from a 
pressing machine, and a great labor is needed in order to set in the leakage testing device which 
inspects the quality of a seal. Since it is necessary to transfer the layered product of an 
electrolyte membrane to a leakage testing device from a pressing machine, it becomes an 
adverse factor of a quality of conformance to damage an electrolyte membrane layered product 
on the square of a tool, etc. at the time of a transfer etc., and there is a problem of reducing the 
manufacturing efficiency of a fuel cell. 

[0007]This invention is made in order to solve above-mentioned SUBJECT, and an object of 
invention is to provide the technology which makes it possible to raise the manufacturing 
efficiency of a fuel cell by doing efficiently the leakage test of the fuel cell layered product 
formed by laminating an electrolyte membrane and a separator. 
[0008] 

[The means for solving a technical problem, and its operation and effect] The next composition 
was used for the leakage testing device of this invention in order to solve at least a part of 
above-mentioned SUBJECT. Namely, laminate the electrolyte membrane pinched with the 
separator with which the gas~passageway hole which the gas for power generation passes was 
provided, and this separator, and it is formed, The 1st block that is a leakage testing device of 
the fuel cell layered product which built in the gas manifold by which this gas-passageway hole is 
mutually open for free passage, and supplies said gas for power generation to said electrolyte 
membrane and by which said separator and said electrolyte membrane are laminated, The 
positioning member which is set up by this 1 st block and positions said separator laminated, The 
2nd block carried from said laminated separator and an electrolyte membrane, Have a fastening 
member which concludes said 1 st block and the 2nd block, and to either [ at least ] said 2nd 
block or the 1st block. Let it be a summary to provide the inspection fluid feeding passage which 
carries out an opening to a position with the gas-passageway hole of said separator, and supplies 
predetermined inspection fluid to said gas manifold. 

[0009]A leakage test method of this invention corresponding to the above-mentioned leakage 
testing device, Laminate an electrolyte membrane pinched with a separator with which a gas- 
passageway hole which gas for power generation passes was provided, and this separator, and it 
is formed, Positioning by a positioning member which is the leakage test method of a fuel cell 
layered product which built in a gas manifold by which this gas-passageway hole is mutually open 
for free passage, and supplies said gas for power generation to said electrolyte membrane, and 
was set up by the 1st block. Laminate said separator on this 1st block, and the 2nd block is 
carried from on said laminated separator and an electrolyte membrane, After concluding this 2nd 
block to the 1st block, it is provided in either [ at least ] said 2nd block or the 1st block, Let it 
be a summary to supply predetermined inspection fluid to said gas manifold, and to inspect 
disclosure existence of this gas manifold from an inspection fluid feeding passage which carries 
out an opening to a position with a gas-passageway hole of said separator. 

[0010]In this leakage testing device and a leakage test method, it concludes on both sides of a 
layered product of a separator and an electrolyte membrane between the 1 st block and the 2nd 
block, only predetermined time holds this state, and an electrolyte membrane and a separator 
are pasted up. After the completion of adhesion, from an inspection fluid feeding passage 
established in either the 1st block or the 2nd block, predetermined inspection fluid is supplied to 
a gas manifold currently formed in a fuel cell layered product, and disclosure existence of a gas 
manifold is inspected. Since leak detection can be conducted in the state of [ as it is ] after the 
completion of adhesion with an electrolyte membrane and a separator if it does in this way, it 
becomes possible to be able to do a leakage test of a fuel cell layered product efficiently, and to 
raise manufacturing efficiency of a fuel cell by extension. A period to the completion of 
conclusion uses press equipment, and in order not to monopolize press equipment till the 
completion of adhesion, there is also an advantage that equipment efficiency can be raised. 
[001 1]A fuel gas passage hole which fuel gas passes as said gas-passageway hole, and an 
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oxidizing gas passage hole through which oxidizing gas passes are established in said separator, 
By laminating this separator, inside a fuel cell layered product When a fuel gas manifold which a 
fuel gas passage hole is open for free passage, and supplies said fuel gas to one side of said 
electrolyte membrane, and an oxidation gas manifold which an oxidizing gas passage hole is open 
for free passage, and said electrolyte is alike on the other hand, and supplies said oxidizing gas 
are formed, it is good also as following leakage testing devices. Namely, the 1st inspection fluid 
feeding passage that carries out an opening to a position with said fuel gas passage hole, and 
supplies predetermined inspection fluid to said fuel gas manifold, The 2nd inspection fluid feeding 
passage that carries out an opening to a position with said oxidizing gas passage hole, and 
supplies predetermined inspection fluid to said oxidation gas manifold may be established in 
either said 2nd block or said 1 st block. 

[001 2] After concluding a layered product of an electrolyte membrane and a separator by the 2nd 
block and the 1 st block and completing adhesion in such composition, inspection fluid is supplied 
from an inspection fluid feeding passage of either the 1st or a 2nd, Disclosure existence of one 
gas manifold is inspected, inspection fluid is supplied from an inspection fluid feeding passage of 
another side after that, and disclosure existence is inspected. Since leak detection can be 
conducted in the state of [ as it is ] after the completion of adhesion with an electrolyte 
membrane and a separator if it carries out like this, it becomes possible to be able to do a 
leakage test of a fuel cell layered product efficiently, and to raise manufacturing efficiency of a 
fuel cell by extension. 

[001 3] By providing a cooling water passage hole which cooling water other than said gas- 
passageway hole passes in said separator, and laminating this separator, inside a fuel cell layered 
product, When a cooling water manifold which a cooling water passage hole opened for free 
passage is formed in addition to said gas manifold, it is good also as following leakage testing 
devices. That is, the 3rd inspection fluid feeding passage that carries out an opening to a 
position with said cooling water passage hole in addition to said inspection fluid feeding passage, 
and supplies predetermined inspection fluid to said cooling water manifold may be established in 
either said 2nd block or said 1 st block. 

[001 4] After concluding a layered product of an electrolyte membrane and a separator by the 2nd 
block and the 1st block and completing adhesion also in such composition, Inspection fluid is 
supplied from an inspection fluid feeding passage, disclosure existence of a gas manifold is 
inspected, after that, inspection fluid is supplied from the 3rd inspection fluid feeding passage, 
and disclosure existence of a cooling water manifold is inspected. Of course, both scanning order 
may be reverse. Since leak detection can be conducted in the state of [ as it is ] after the 
completion of adhesion with an electrolyte membrane and a separator if it carries out like this, a 
leakage test of a fuel cell layered product can be done efficiently. 

[0015]In an above-mentioned leakage testing device, an inspection fluid feed hopper for 
supplying said inspection fluid to said inspection fluid feeding passage may not be twisted in form 
of a separator to laminate, but it may provide in a specified position of said 2nd block or the 1st 
block provided with this inspection fluid feeding passage. 

[0016]If it carries out like this, efficiency of a leakage test can be raised further as follows. For 
example, if a position in which an inspection fluid feed hopper is established is constant even 
when manufacturing a fuel cell layered product from which separator form differs, leak detection 
can be conducted, without being influenced by difference in separator form. If an inspection fluid 
feed hopper is established in a fixed position also when attaining automation of a leakage test, it 
can automate simple — a leakage test can be carried out — without identifying a difference in 
separator form. 

[0017]In an above-mentioned leakage testing device, said 1st block may be constituted in a 
palette for conveyance, and one. If it carries out like this, since time and effort which can carry 
out direct lamination of an electrolyte membrane and the separator to a palette for conveyance, 
and carries a leakage testing device in a palette for conveyance can be saved, it is suitable. 
[0018]In this leakage testing device, the 2nd block and the 1st block may be concluded using 
fastening force of a screw of a nut or a bolt, and this nut or an omission prevention member of a 
bolt may be provided in said 2nd block. 
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[0019]If it concludes using fastening force of a screw, the 2nd block and the 1st block can be 
concluded that it is simple and certainly, Since a nut or a bolt will not fall out from the 2nd block 
even if it removes the 2nd block in order to take out a fuel cell layered product from a leakage 
testing device if a nut or an omission prevention member of a bolt is provided in the 2nd block, 
Since it becomes unnecessary to supply a nut or a bolt when concluding the 2nd block to the 
1st block next time, it is suitable. 

[0020]In this leakage testing device, it is concluded by said fastening member by at least one 
side by the side of the 2nd block or the 1st block, and a buffer member which adjusts fastening 
force added to said laminated electrolyte membrane and a separator may be provided. 
[0021 ]In order that a buffer member may shrink and absorb though some are bound tight too 
much if a separator, an electrolyte membrane, etc. are bound tight with a buffer member, since it 
is avoidable that an overpressure is applied to a separator, an electrolyte membrane, etc., it is 
suitable. 
[0022] 

[Mode for carrying out the invention]In order to clarify further composition and an operation of 
this invention explained above, an embodiment of the invention is described based on an 
embodiment below. Outline composition of a fuel cell with which introduction and a fuel cell 
layered product are used is explained briefly, and manufacture and an inspection method of a 
fuel cell layered product performed by using a leakage testing device for this invention after that 
are explained. 

[0023]A. Outline composition of a fuel cell : drawing 1 is an explanatory view which illustrates an 
outline of an internal configuration of the fuel cell 1 0 manufactured by this invention. The four 
fuel cell layered products 100A-1 00D which have the stack structure in which the fuel cell 10 
laminated the single cell 101, It comprises the feeding-and~discarding parts 20, such as fuel 
which performs feeding and discarding, such as fuel, to these fuel cell layered products 100A~ 
100D, and pressurizing mechanism 30 grade which applies a pressure of a lamination direction to 
the fuel cell layered products 100A-100D. A fuel gas feed unit which is not illustrated, an 
oxidizing gas feed unit which is not illustrated, and a cooling water feed unit which is not 
illustrated are connected to the feeding~and~~discarding parts 20, such as fuel, and it functions 
on them as a fuel cell device as a whole. Gas containing hydrogen is used for fuel gas, and gas 
(this example air) containing oxygen is used for oxidizing gas. 

[0024]The fuel cell layered products 1 00A-T 00D are constituted as a fuel cell of a solid polymer 
electrolyte form, and are formed by carrying out the plural laminates of the single cell 101 which 
is a constitutional unit. The electrochemical reaction which advances in a polymer electrolyte 
fuel cell is shown below. 
[0025] 

H 2 -> 2H + +2e (1) 

(1/2) 0 2 +2H + +2e ~ -> H 2 0 — (2) 
H 2 +(1/2) 0 2 -> H 2 0 — (3) 

[0026](1) A formula expresses the reaction by the side of the anode of a fuel cell, and the 
reaction by the side of the cathode of a fuel cell of (2) types, and the reaction shown in (3) types 
advances in the whole fuel cell. Thus, a solid polyelectrolyte type fuel cell receives supply of the 
fuel gas containing hydrogen in the anode side, advances the above-mentioned reaction in 
response to supply of the oxidizing gas which contains oxygen in the cathode side, and acquires 
electromotive force. 

[0027]Drawing 2 is a sectional view which illustrates the structure of the single cell 101 which 
constitutes the fuel cell layered products 100A-100D. The single cell 101 comprises the 
electrolyte membrane 102, the anode 103 and the cathode 104, and the separator 105,106. The 
anode 103 and the cathode 104 are gas diffusion electrodes which make sandwich structure on 
both sides of the electrolyte membrane 102 from both sides. The separator 105,106 forms the 
channel of fuel gas and oxidizing gas between the anode 103 and the cathode 104, sandwiching 
this sandwich structure from both sides further. Between the anode 103 and the separator 105, 
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the fuel gas flow route 105P is formed, and the oxidizing gas passage 106P is formed between 
the cathode 104 and the separator 106. Although the separator 105,106 forms the channel only 
in one side in drawmg 2, respectively, the rib is actually formed in the both sides, one side forms 
the fuel gas flow route 105P between the anodes 103, and other sides form an oxidizing gas 
passage between the cathodes with which the adjoining single cell is provided. Thus, the 
separator 105,106 has played the role which separates the flow of fuel gas and oxidizing gas 
between the adjoining single cells while forming a gas passageway between gas diffusion 
electrodes, 

[0028]Here, the electrolyte membrane 102 is 100 micrometers in thickness thru/or ion-exchange 
resin with a proton conductivity of 200 micrometers formed with solid polymer material, for 
example* fluororesin, and shows good electrical conductivity according to a damp or wet 
condition. In this example, the Nafion film (made by Du Pont) was used. The mixture of platinum 
as a catalyst or platinum, and other metal or the alloy of these metal is applied to the surface of 
the electrolyte membrane 102 by the predetermined method. 

[0029] Both the anode 1 03 and the cathode 104 are formed by the carbon crossing woven with 
thread of carbon fiber. In this example, although the anode 103 and the cathode 104 were formed 
by carbon crossing, the composition formed by the carbon paper or carbon felt which consists of 
carbon fiber is also preferred. 

[0030]The separator 105,106 is formed with the gas unpenetrated conductive material, for 
example, the substantia-compacta carbon which compressed carbon and it presupposed gas un~ 
penetrating. The separator 105,106 has two or more ribs which form the gas passagewaies 105P 
and 106P in the both sides. Although expressed with drawing 2 the fuel gas flow route 105P and 
the oxidizing gas passage 106P in parallel, with the fuel cell 10 of this example, the fuel gas flow 
route 105P and the oxidizing gas passage 106P were formed so that it might intersect 
perpendicularly mutually. The form of the rib formed in the surface of each of this separator 
should just be the form which can supply fuel gas or oxidizing gas to a gas diffusion electrode. 
[0031] An exploded perspective view expresses signs that the single cell 101 is actually laminated 
by d r a win g 3 in the fuel cell layered products 100A-100D of this example. The separator 105,106 
comprises the actual fuel cell layered products 100A-1 00D as cooling the central separator 110, 
the end separator 111, or a separator 113. If these separators are molded in tabular [ which is an 
approximately quadrangle ] and a lamination side laminates them, the fuel gas passage 105P, the 
oxidizing gas passage 106P, and a cooling water passage which were mentioned above will be 
formed. Structure of each of each separator is mentioned later. 

[0032]As mentioned already, it presupposed that three kinds of above-mentioned separators are 
formed with substantia-compacta carbon, but they are good also as forming by other 
components which have conductivity. For example, rigidity and heat-conducting characteristic 
may be thought as important and it may form with metal, such as a copper alloy and an aluminum 
alloy. 

[0033]When forming a fuel cell layered product, structure which pinched the electrolyte 
membrane 102 with the anode 103 and the cathode 104 is pinched and attached from both sides 
with a separator. Although only every one sheet each showed the central separator 1 10, the end 
separator 111, and the cooling separator 1 13 by drawing 3, Whenever a rate which laminates 
each separator is not necessarily limited to this, for example, laminates the five central 
separators 110, it may be made to laminate the end separator 1 1 1 and the cooling separator 1 13, 
when a fuel cell layered product is actually constituted. 

[0034]When forming a fuel cell layered product, a predetermined seal member is provided in the 
periphery of the electrolyte membrane 102 in the field which touches a separator. This seal 
member has played the role which prevents fuel gas and oxidizing gas from being mixed in the 
fuel cell layered product 100 while preventing fuel gas and oxidizing gas beginning to leak from 
each inside of a single cell. The seal member serves also as the role which insulates electrically 
between the separators which are pinching the electrolyte membrane. 

[0035]A collecting electrode plate is further attached to an electric insulating plate and an end 
plate by the both sides to the both ends, and the fuel cell layered product 100 formed as 
mentioned above is attached to the fuel cell 10 shown in drawing 1. Here, a collecting electrode 
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plate is formed by substantia^compacta carbon, a copper plate, etc., an electric insulating plate 
is formed of insulation members, such as rubber and resin, and the end plate is formed with 
metal, such as steel provided with sufficient rigidity, The output terminal is provided in the 
collecting electrode plate, and it is possible to take out the electric power produced with the fuel 
celL As mentioned above, each explained component is held and used for the lamination direction 
of a single cell, where predetermined thrust is applied. Although the pressurizing mechanism 30 
which showed drawing JLonly a general view is a mechanism in which thrust is generated using 
the fastening force of a screw, it can also be used as the following mechanisms. That is, after 
preparing the member housing of prescribed shape and storing each component, such as a fuel 
cell layered product and a collecting electrode plate, inside this member housing, it is good also 
as composition which bends the both ends of member housing and on which predetermined 
thrust is made to act. 

[0036]After a fuel gas feed unit and an oxidizing gas feed unit perform humidification 
[ application of pressure and if needed ] for the specified quantity to each gas, they are supplied 
to the fuel cell 10. It is also possible to use a hydrogen storing device etc. which supply 
hydrogen stored in equipment which reforms and supplies hydrocarbon, such as methanol, a 
hydrogen storing metal alloy, or a hydrogen cylinder as a fuel gas feed unit. As an oxidizing gas 
feed unit, an air feeder using a blower which incorporates and pressurizes air can be used. 
[0037]B. Manufacture and an inspection process of a fuel cell layered product : outline structure 
of the fuel cell layered product 100 used with the fuel cell 10 and the fuel cell 10 was explained 
above. Next, manufacture and an inspection process of this fuel cell layered product 100 are 
explained. Drawing 4 is process drawing showing an outline of a process of laminating an 
electrolyte membrane, a separator, etc. and manufacturing a fuel cell layered product. So that it 
may illustrate a manufacturing process of a fuel cell layered product, The temporary adhesion 
process S10 which carries out temporary adhesion of a separator and the electrolyte membrane 
while applying adhesives, It comprises a separator which carried out temporary adhesion, the 
laminating process S20 which laminates an electrolyte membrane, application of pressure and a 
bonding process S30 which carry out predetermined time maintenance of a laminated separator 
and the electrolyte membrane by a pressurization state, and the leakage test process S40 of 
inspecting a quality of seal performance of a fuel cell layered product. 

[0038](1) Temporary adhesion process : in the temporary adhesion process S10, applying the 
epoxy resin adhesive 114 as adhesives. The fuel gas passage 105P, and the oxidizing gas 
passage 106P and a cooling water passage are formed by laminating three kinds of separators 
mentioned above, and the electrolyte membrane 102, the anode 103 and the cathode 104 in the 
given order. In order to explain signs that each passage is formed, dr awin g 3 is used and the 
structure of three kinds of separators is explained briefly. 

[0039]Two or more grooved ribs 126 which connect between the oxidizing gas passage holes 
122,123 which counter are formed in (the transverse-plane side in drawing 3) at one side of the 
end separator 111. When the rib 126 forms a fuel cell layered product, it forms the oxidizing gas 
passage 106P mentioned already between the adjoining cathodes 104. The other sides of the end 
separator 1 1 1 are fiat fields without groove structure. 

[0040]Two or more parallel grooved ribs 126 which connect between the oxidizing gas passage 
holes 122,123 which counter are formed in one side (the transverse-plane side in drawing 3) of 
the central separator 1 10. When the rib 126 forms a fuel cell layered product, it forms the 
oxidizing gas passage 106P mentioned already between the adjoining cathodes 104. the central 
separator 110 — -on the other hand — being alike — between the fuel gas passage holes 
124,125 which counter is connected, and two or more grooved ribs 127 which intersect 
perpendicularly with the rib 126 are formed. When the rib 127 forms a fuel cell layered product, it 
forms the fuel gas flow route 105P mentioned already between the adjoining anodes 103. 
[0041]Two or more parallel grooved ribs 127 which connect between the fuel gas passage holes 
124,125 which counter are formed in one side (the rear^face side in drawing 3) of the cooling 
separator 1 13. When the rib 127 forms a fuel cell layered product, it forms the fuel gas flow route 
105P mentioned already between the adjoining anodes 103. the cooling separator 113 — on the 
other hand (the transverse-plane side in drawing 3) — **** — the meandering slot 128 which 
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connects between the cooling water passage holes 120,121 mentioned already is formed. When 
forming a fuel cell layered product, the cooling separator 113 adjoins the end separator 1 1 1 so 
that it may mention later, but the slot 128 forms the cooling channel 128P between the flat fields 
of the end separator 1 1 1 at this time. 

[0042]The cooling water passage hole 120,121 of an approximate circle form [ section ] is 
formed in two places (top both ends in drawing 3) of the circumference corner at the central 
separator 110, the end separator 111, and the cooling separator 1 1 3. When this cooling water 
passage hole 1 20,1 21 forms the above-mentioned fuel cell layered product, it forms in a 
lamination direction of a single cell a passage (cooling water manifold) of cooling water which 
penetrates a fuel cell layered product. Along with a neighborhood, the hole (oxidizing gas passage 
hole) 122,123 of a long and slender couple and the hole (fuel gas passage hole) 124,125 of a 
couple are formed near the edge of each neighborhood of a lamination side of the three above- 
mentioned kinds of separators. If a fuel cell layered product is formed, the fuel gas passage hole 
124,125 will penetrate a fuel cell layered product for a passage (oxidation gas manifold) of fuel 
gas to a lamination direction of a single cell, and, as for this oxidizing gas passage hole 122,123, 
will form a passage (oxidation gas manifold) of oxidizing gas. 

[0043]Various separators mentioned above and an example which laminates the electrolyte 
membrane 102, the anode 103, and the cathode 104 are notionally shown in d r a win g 5 (a). The 
end separator 1 1 1 is placed first and it laminates on it in order of the cathode 104, the 
electrolyte membrane 102, the anode 103, and the central separator 1 10 as illustrated. On the 
central separator 1 10, it laminates further in order of the cathode 104, the electrolyte membrane 
1 02, the anode 103, and the cooling separator 1 13. One unit consists of the end separator 111 to 
the cooling separators 1 1 3 laminated in this way. 

[0044] In this example, a layered product of one unit has composition which laminated only the 
one central separator 1 10 between the end separator 1 1 1 and the cooling separator 113. Since 
there is 1 set of group of the cathode 1 04, the electrolyte membrane 102, and the anode 103 in 
both sides of the central separator 1 1 0 at a time, if it says by the number of single cells, two 
single cells will be constituted at a time by one unit. But two or more central separators 1 10 may 
be laminated, and many single cells may be constituted more. In this case, after laminating a 
predetermined cycle by making the central separator 110, the cathode 104, the electrolyte 
membrane 102, and the anode 103 into one cycle, the cooling separator 1 13 is laminated and one 
unit is completed. An example laminated in this way was shown in d r awin g 5 (b). The number of 
single cells contained in a layered product of one unit, i.e., number of sheets of the central 
separator 1 10, is dependent on the ability of a single cell for how many pieces to be cooled with 
the cooling separator 1 1 3 of one sheet. Therefore, an optimum value of number of sheets of the 
central separator 1 10 laminated to one unit exists with calorific value, circulating water 
temperature or a flow per single cell under fuel cell operation, etc. 

[0045]As mentioned above, one field of a cooling separator forms the fuel gas flow route 105P 
between the anodes 103, and a field of another side forms the cooling water passage 128P 
between the end separators 1 1 1. A seal of cooling water is comparatively easy compared with a 
seal of fuel gas or oxidizing gas, and it is also possible to carry out a seal using a general sealant. 
So, in this example, the sealant 115 of a silicon resin system instead of the epoxy resin adhesive 
1 14 is applied to the cooling water passage side (uppermost surface of draw ing 5) of a cooling 
separator. 

[0046]In this example, an insulation of a seal of the electrolyte membrane 102 and a separator 
which pinches this, and separators is performed by applying adhesives of an epoxy resin system. 
Of course, other adhesives can also be used if there are sufficient sealing nature and insulation. 
A seal and an insulation may be performed using the gasket 1 16 so that it may illustrate to 
drawing 6. 

[0047](2) Laminating process : as it explained above, after temporary adhesion is completed, 
start the laminating process S20. In this example, the process after the laminating process S20 
is performed using a dedicated device as shown in drawing 7. Besides laminating the fuel cell 
layered product which carried out temporary adhesion, this dedicated device is used also for the 
application of pressure, adhesion, and the leakage test of a fuel layered product so that it may 
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mention later. In this Description, the dedicated device shown in drawing ? is made to call it a 
leakage testing device. Hereafter, the structure of the leakage testing device used by this 
example is explained using drawing 7, 

[0048]As shown in draw in g 7, the 1st block of the leakage testing device [ the 2nd block of] 200 
comprises 205 with 201, the eight positioning guides 202 set up by 201 [ block / 1st ], the four 
stud bolts 203, and the four nuts 204. 205 [ block / 1st / block / 2nd ] is formed with material 
with sufficient rigidity, such as steel, with 201. It has opened in the side of 201, the 1st block of 
the three holes 206a, 207a, and 208a, i.e., inspection fluid feed hoppers, it passes along the 1st 
block of the inside of 201, and the 1st block leads to the openings 206b, 207b, and 208b of the 
upper surface of 201. In draw i n g 7 f the dashed line shows only the center of each inspection fluid 
feeding passage 206,207,208. These passages are passages for supplying inspection fluid and 
doing a leakage test, after pressurizing and pasting up a fuel cell layered product. Application of 
pressure, adhesion, and a leakage test are mentioned later. 

[0049]Draw is an explanatory view showing notionally signs that a separator and an 
electrolyte membrane which carried out temporary adhesion are laminated to the leakage testing 
device 200. Drawing 8 (a) shows signs that signs that it had laminated to the leakage testing 
device 200 were seen from a transverse plane. Drawmg 8 (b) is an explanatory view showing 
signs that it saw from an arrowed direction in a P~P position of draw i n g 8 (a). As shown in 
draw^ whenever it carries out temporary adhesion of a separator, an electrolyte membrane, 
etc. for one unit, it laminates on 1st block 201. Temporary adhesion of many layered products is 
carried out beforehand, and a method of laminating at once on 1st block 201 is not adopted by 
this example. This is for avoiding being neglected in the state where applied adhesives are not 
pressurized for a long time. If temporary adhesion of many layered products is carried out 
beforehand, a unit immediately pressurized after spreading and a unit pressurized after prolonged 
neglect may be made, and a difference may arise in seal performance among these units. Then, 
in order to secure stable seal performance, whenever it carries out temporary adhesion of the 
layered product of one unit, the 1st block is laminated to 201. If it does in this way, a time lag 
from spreading to application of pressure will produce only time after carrying out temporary 
adhesion of the unit laminated first until it carries out temporary adhesion of the last unit. This 
time can be shortened by performing a temporary adhesion process by two or more lines. That 
is, as shown in a block diagram of drawin g 9, the temporary adhesion process S10 is performed 
to the laminating process S20 at several places. Whenever it laminates one unit of units which 
carried out temporary adhesion on the 1st block as other methods, it is also possible to 
pressurize by a pressurizing cylinder etc. from the upper part. According to such a method, time 
from temporary adhesion of each unit to application of pressure can be made almost uniform. 
[0050]Each layered product laminated for every unit is mutually positioned with the eight 
positioning guides 202 currently set up to 201 the 1st block. Thus, even if the separator for one 
unit has shifted and laminated separators [ each ] somewhat in the temporary adhesion process 
S10 since it is mutually positioned with the positioning guide 202 when laminating on 1st block 
201, it can be corrected by the laminating process S20. 

[0051]Since it can laminate positioning each separator correctly with the positioning guide 202, it 
is also possible to carry out temporary adhesion of the electrolyte membrane etc. to various 
separators on 1st block 201, without establishing the temporary adhesion process S10. That is, it 
is the turn shown in drawing 5 or drawing 6 , and direct lamination of various separators, the 
cathode 104, the anode 103, and the electrolyte membrane 102 grade is carried out. If it carries 
out like this, there is an advantage that the time and effort laminated whenever it carries out 
temporary adhesion of the layered product for one unit is omissible. 

[0052] A method of laminating on 1st block 201, whenever it establishes the temporary adhesion 
process S10 by this example and laminates a separator for one unit, etc. is adopted because the 
following was taken into consideration. In this example, while carrying out the seal of a separator 
and the electrolyte membrane with adhesives, between separators (for example, the end 
separator 111, the central separator 110, or the central separator 1 10 and the cooling separator 
113) which pinch an electrolyte membrane is insulated electrically. Therefore, adhesives need to 
apply required sufficient quantity, and when each separator is laminated, they are in a tendency 
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which excessive adhesives protrude. If there is a part where adhesives sufficient in a certain 
trouble of an adhesives piece etc, are not applied, fault, like fuel gas and oxidizing gas leak in the 
portion will occur. For this reason, in this example, while removing adhesives protruded whenever 
it laminated a separator for one unit etc., a quality of conformance stable by checking that 
sufficient quantity of adhesives are applied is secured. Since such work is not suitable for 
carrying out in the state where it laminated on 1st block 201, it has established the temporary 
adhesion process S10 apart from the laminating process S20 in this example. If temporary 
adhesion is performed in parallel by two or more lines as mentioned above, it can be shortened 
to such an extent that upper problem does not actually produce a time lag between each unit 
after being applied until it is pressurized, and there is also an advantage which can stabilize a 
quality of conformance. 

[0053]Although drawin g 7 or drawing 8 explained the 1st block to 201 as that by which the eight 
positioning guides 202 are set up, of course, the number of the positioning guide 202 is not 
limited to eight A positioning method as shown in d raw ing 10 is also employable. That is, 
whenever it positions only two of four sides of the separator with the positioning guide 202 and 
carries the layered product of one unit, as a layered product is forced with an automatic machine 
from an opposite hand, it positions. Drawing IP is an explanatory view explaining how to carry out 
in this way and position, and the graphic display position supports the display position of drawing 
8 (b) exactly. In order to avoid that a figure becomes complicated, in drawing 10, the groove 
structure of the laminated cooling separator 113 is omitted and displayed. As shown in drawing 
10, a total of the four positioning guides 202 is provided in two sides which the cooling separator 
113 adjoins. The presser-foot board 210 driven by the air cylinder 209 is formed in the side 
which does not have a positioning guide. Whenever it laminates to 201 the 1st block of layered 
products, such as a separator by which temporary adhesion was carried out, it is pushed from a 
2-way with the presser-foot board 210, and a layered product is positioned. Since the separator 
etc. which carried out temporary adhesion can be laminated from the side which does not have 
the positioning guide 202 if it positions by such a method, there is an advantage that the work 
laminated on 1 st block 201 becomes easy. 

[0054](3) Application of pressure and a bonding process : if it finishes laminating the unit of a 
predetermined number as mentioned above, application of pressure and the bonding process S30 
will be started. Typically, the number of the separators laminated by the laminating process S20 
is made into the number of single cells, and is a part for a part for 50 cells, and 100 cells. In this 
example, application of pressure and adhesion of a part for 50 cells are done collectively. Of 
course, the number of cells to laminate is not limited to this. 

[0055] Application of pressure and the bonding process S30 are processes of stiffening adhesives 
where a separator and an electrolyte membrane are stuck, and giving sealing nature sufficient 
between a separator and an electrolyte membrane, by holding applying a pressure to the layered 
product laminated while positioning by the laminating process S20. It is necessary to specifically 
hold the state where the load before and behind 1000N (Newton) was applied at the room 
temperature, before or after 10 hours. But this value is changed according to application of 
pressure and bonding conditions. For example, the value and retention time of a load may be 
changed according to the temperature which the value of a load will also decrease along with it if 
the size of a separator becomes small, and is held, the kind of adhesives, etc. 
[0056]D raw ing 1 1 is an explanatory view showing notionally application of pressure and signs 
that it has pasted up, using the leakage testing device 200 of this example. After laminating 
layered products, such as a separator of a predetermined number, and an electrolyte membrane, 
on 1st block 201 and also carrying [ from ] 205 [ block / 2nd ] so that it may illustrate, a layered 
product is pressurized by binding tight with the nut 204. If this state is held at a predetermined 
time (this example about 10 hours) room temperature, the application of pressure and adhesion 
of a layered product will be completed. The load added to a layered product is performed by 
managing the bolting torque of the four nuts 204. What is necessary is just to set the bolting 
torque of a nut bolting machine as the specified value calculated experimentally beforehand in a 
actual production line. Or it is good also by the following methods. First, if very light, the nut 204 
will be bound tight with torque and only prescribed frequency will rotate the nut 204, If a nut is 
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rotated, since it will bind tight so much, the value of the load added to a fuel cell layered product 
is also manageable by the turnover number (or angle of rotation) of a nut. Such a method will be 
bound tight and it will be called an angle method, 

[0057]lf a method as shown in drawing 12 is used, the accuracy of the load added to a layered 
product can be raised further. That is, after using the 2nd block of the pressing machine 211 for 
205, applying a predetermined load (this example about 100 kg) and fastening the nut 204 lightly 
in this state, the load to the pressing machine 21 1 is opened. After fixing the 2nd block of the 
position of 205 with the nut 204, even if it removes the load to the pressing machine 21 1, 
************ maintenance of the load to a specified value can be carried out at the layered 
product on 1st block 201. Since the load is applied with the pressing machine 21 1, a line worker 
can also bind bolting of the nut 204 tight empty-handed, and fully automating is also possible if 
the bolting torque of the nut bolting machine is set as the very small value. 
[0058]In order to manage the value of the load in application of pressure and the bonding 
process S30, it is also preferred to adopt the following methods, for example, the 1st — block 
201 — or the 2nd block of the load cell is set to 205, and a load may be measured. Or as shown 
in drawing 13, the elongation of the stud bolt 203 may be measured with a displacement gauge, 
and it may manage based on this. That is, when a compression load is added to a fuel cell 
layered product, tensile axial tension will act on the stud bolt 203 as the reaction, and the length 
of the stud bolt 203 will be extended. Since the stretch amount and tensile axial tension (namely, 
compression load added to a fuel cell layered product) of the stud bolt 203 are in proportionality, 
if the stretch amount of the stud bolt 203 is measured with a displacement gauge, the load 
added to a fuel cell layered product is manageable, especially — each stud bolt 203 (this 
example 4) — if the nut 204 is bound tight so that all the stretch amount may be measured and 
a stretch amount may become equal, since distribution of the load added to a fuel cell layered 
product can be equated, it is suitable. 

[0059]it is shown in drawing 14 (a) — as — the 1st — block 201 - — or the 2nd block of the 
buffer member 212 is formed in one of 205, and it may be made to manage the 2nd block of 
displacement of 205 As the buffer member 21 2, a spring, a plate spring, etc. can be used, for 
example. The buffer member 212 is shrunken according to the load added to a fuel cell layered 
product, and since this amount of shrinkage is proportional to the value of the load added to a 
layered product, the value of the load added to a layered product is manageable by managing the 
2nd block of displacement of 205. If it carries out as [ equate / measure the 2nd block of 
displacement at two or more places of 205, and / displacement in each part ] also when based 
on this method, a load can be uniformly added to a fuel cell layered product. If it does in this 
way, it can bind tight and the management accuracy by an angle method can also be raised. But 
when using a bolting angle method, as shown in dr a wing 14 (b), plate spring 213 grade may be 
provided under the nut 204. Since rigidity is high, the axial tension which also requires that only 
half rotation fastened more nuts 204, for example for the stud bolt 203, i.e., the load added to a 
fuel cell layered product, will increase the stud bolt 203 greatly. On the other hand, since the 
plate spring 213 will be easy to change compared with the stud bolt 203 if the plate spring 213 is 
formed under the nut 204 as shown in dr aw i n g 14 (b), It becomes easy to be able to suppress 
small the increase in the load added to a fuel cell layered product, even if it fastens the nut 204 
a little more [ half rotation ], therefore to manage the value of a load appropriately. 
[0060]Although the seal of an electrolyte membrane and the separator is carried out by pasting 
up using adhesives in an example explained above, an electrolyte membrane and a separator are 
stuck and it may be made to carry out a seal by pressurizing applying heat depending on 
construction material of an electrolyte membrane or a separator. 

[0061]Here, an example of a production line which manufactures a fuel cell layered product is 
shown in drawing 15 (a) by a method of this example. A temporary adhesion place is a place 
which performs the above-mentioned temporary adhesion process S10. here, one-unit [ every ] 
temporary adhesion of the cathode 104, the electrolyte membrane 102, and the anode 103 grade 
is carried out to three kinds of separators, and it prepares for laminating space — the 1st block 
is laminated to 201. If a separator of a predetermined number, etc. are laminated, 205 [ block / 
2nd ] will be carried, the whole leakage testing device 200 is sent into a pressing machine, a 

http://www4.ipdlinpit^ 2010/12/15 



JP,2001~G23665,A [DETAILED DESCRIPTION] 



H/16K— v 



predetermined load is added, and 205 [ block / 2nd ] is lightly fixed with a nut. Of course, it is 
good also as adding a predetermined load by setting bolting torque of a nut bolting machine as a 
suitable value, without using a pressing machine. Anyway, in order to take out a fuel cell layered 
product the whole leakage testing device 200 and to do a continuing leakage test after binding a 
nut tight, it can send to a leakage test machine. A leakage test is mentioned later. Laminating 
space to a pressing machine or a bolting machine, and a leakage test machine should just convey 
the leakage testing device 200 by band conveyor or a transfer machine. Conveyance is later 
mentioned with a leakage test, if a bearer rate and carrying distance from a pressing machine (or 
bolting machine) to a leakage test machine are set as a suitable value — under conveyance — 
application^of-pressure [ of a fuel cell layered product ] - it can paste up. Therefore, if it has a 
pressing machine (or bolting machine) and one leakage test machine at a time, application of 
pressure, adhesion, and one leakage test after another will be done in assembly line, and 
manufacturing efficiency can be raised greatly. 

[0062]An example of the production line of the fuel cell layered product when not using the 
leakage testing device 200 of this example by reference was shown in drayyjng 1 5 (b). Since it is 
necessary to hold a pressurization state for about 10 hours for the application of pressure and 
adhesion of a fuel cell layered product as mentioned above, when not using the leakage testing 
device 200 of this example, it must hold in the state where it pressurized with the pressing 
machine for about 10 hours. That is, since one set of a pressing machine will be occupied for a 
long time, it is necessary to prepare many pressing machines, and the large space for installing a 
pressing machine in connection with it is also needed. The work which conveys the separator 
etc. which carried out temporary adhesion and were laminated since many pressing machines 
were used to a vacant pressing machine, Or it is also difficult to automate the work which takes 
out a fuel cell layered product from the pressing machine which application of pressure and 
adhesion ended, and is conveyed to a leakage test machine using a band conveyor or a transfer 
machine. 

[0063]Various separators, an electrolyte membrane, etc. which carried out temporary adhesion 
as mentioned above are laminated on a part for a predetermined unit, and 1st block 201 , 205 
[ block / 2nd ] is carried, and where a predetermined load is added, predetermined time 
maintenance is carried out. Then, when the applied adhesives harden, it is lost that a separator 
and an electrolyte membrane stick and fuel gas or oxidizing gas leaks from this portion. A seal is 
carried out by the sealant applied between the cooling separator 1 1 3 and the end separator 111 
also about cooling water, and cooling water does not begin to leak outside by it. In order to 
check that the seal of this, i.e., fuel gas, or oxidizing gas, and the cooling water is fully carried 
out, a leakage test is done as follows about the fuel cell layered product of total. 
[0064](4) Leakage test process : in this example, as shown in drawing 7, carry out using the 
three inspection fluid feeding passages 206,207,208 established in 201 the 1st block. The opening 
of the 1st block of each passage is carried out to the position of the 1st block upper surface 
from the side of 201. The opening position of each passage is explained using drawin g 8 (b). Each 
inspection fluid feeding passage is shown by the dashed line in drawing 8 (b). When a separator is 
laminated, the opening 206b of the downstream of the inspection fluid feeding passage 206 is 
formed in the position to which the fuel gas passage hole 125 comes, so that it may illustrate. 
Similarly, as for the opening 207b of the inspection fluid feeding passage 207, the opening 208b 
of the inspection fluid feeding passage 208 is formed in the position to which the oxidizing gas 
passage hole 123 comes at the position to which the cooling water passage hole 121 comes, 
respectively. In this example, a leakage test is carried out by filling up inspection fluid with the 
state where it was set in the leakage testing device 200 into the fuel cell layered product which 
application of pressure and adhesion completed from each of the inspection fluid feed hoppers 
206a, 207a, and 208a, and investigating the existence of leakage of filled inspection fluid. 
[0065]Hereafter, the outline of a leakage test is explained. Drawing 1 6 (a) is an explanatory view 
showing notionally an example of the leakage test being done by this example. The gas bomb 231 
is filled up with inspection fluid (this example nitrogen gas). The inspection fluid which came out 
of the gas bomb 231 is first led to the reducing valve 229, and is decompressed by 
predetermined filling pressure here. In this example, after decompression, inspection fluid 
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branches to three lines and is supplied to each of the inspection fluid feed hoppers 206a, 207a, 
and 208a from the three splicing fittings 206c, 207c, and 208c formed in the inspection fluid feed 
unit 230 via the opening and closing valve and the pressure gauge in each system. The splicing 
fittings 206c, 207c, and 208c of the inspection fluid feed unit 230 are formed according to the 
physical relationship of the three inspection fluid feed hoppers 206a, 207a, and 208a of the 
leakage testing device 200 established in 201 the 1st block. For this reason, if the inspection 
fluid feed unit 230 is advanced and the 1st block is forced on 201 after positioning the leakage 
testing device 200, Connection between the three splicing fittings 206c, 207c, and 208c and the 
inspection fluid feed hoppers 206a, 207a, and 208a where each corresponds is completed 
simultaneously. Connection of splicing fittings is made where the opening and closing valve of 
each system is fastened. Although three splicing fittings are constituted from this example by 
one and connection is completed simultaneously, The splicing fittings 206c, 207c, and 208c are 
separated every three systems which supplies inspection fluid, and, of course, you may make it 
connect with each feed hopper independently. 

[0066]If the three splicing fittings 206c, 207c, and 208c are connected to the inspection fluid 
feed hoppers 206a, 207a, and 208a, a leakage test will be carried out as follows in the turn of a 
fuel gas manifold, an oxidation gas manifold, and a cooling water manifold. First, the opening and 
closing valve 220 is opened, inspection fluid is supplied to a fuel gas manifold from the inspection 
fluid feed hopper 206a, and it is filled up with inspection fluid. Since it can judge that restoration 
was completed if the pressure gauge 223 reaches predetermined pressure, it is investigated 
whether the opening and closing valve 220 is closed and the value of the pressure gauge 223 
changes. Since inspection fluid leaks from here and the value of the pressure gauge 223 
decreases gradually as a result if the seal of a fuel gas manifold has an imperfect part, thereby, 
the existence of a portion with an imperfect seal can be known. It judges that there is no portion 
with an imperfect seal in a fuel gas manifold, the relief valve (graphic display abbreviation) 
provided in the inspection fluid feed unit 230 is opened, and specified time elapse of after emits 
the inspection fluid with which the fuel gas manifold was filled up, if the value of a pressure 
gauge does not change. 

[0067]After the leakage test of a fuel gas manifold is completed as mentioned above, the leakage 
test of an oxidation gas manifold is started according to the same procedure. That is, if the 
opening and closing valve 221 is opened, it is filled up with inspection fluid in an oxidation gas 
manifold and restoration is completed, the opening and closing valve 221 will be closed and the 
pressure variation of the pressure gauge 224 will be investigated. If it seems that there is no 
pressure variation even if it carries out specified time elapse, it will judge that there is no portion 
with an imperfect seal in an oxidation gas manifold, and inspection fluid filled from the relief valve 
provided in the inspection fluid feed unit 230 will be emitted. About a cooling water manifold, a 
leakage test is carried out similarly. 

[0068]Here, in this example, doing independently a leakage test of a fuel gas manifold, and an 
oxidation gas manifold and a cooling water manifold as mentioned above is based on the following 
Reason. For example, if inspection fluid was simultaneously supplied to a fuel gas manifold and an 
oxidation gas manifold when a seal between a fuel gas manifold — a hole is open to an 
electrolyte membrane — and an oxidation gas manifold had an imperfect portion, it is because 
this cannot be discovered. For a Reason, a fuel gas manifold, a cooling water manifold, or an 
oxidation gas manifold and a cooling water manifold cannot carry out a leakage test 
simultaneously in a similar manner. But if it is performed as follows, it will also become possible 
to carry out a leakage test of three manifolds simultaneously. Hereafter, this method is explained 
using drawing 1 6 ( b ) . 

[0069] Drawin g 16 (b) is an explanatory view showing notionally an example which does a leakage 
test of three manifolds simultaneously. In an example shown in above-mentioned drawing 16 (a), 
although inspection fluid has branched to three lines by the downstream of the reducing valve 
229, in an example of drawing 16 (b), only portions which have branched by the upstream of a 
reducing valve to this differ. For this reason, in the case of drawi ng 16 (a), all filling pressure of 
each manifold was the same, but in the case of drawi ng 1 6 (b), filling pressure can be 
independently set up for every manifold. That is, inspection fluid can be filled up into a fuel 
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manifold, an oxidation gas manifold, and a cooling water manifold with a separate pressure by 
setting up a preset value of the reducing valve 226,227,228 independently, 
[0070] Hereafter, it explains concretely using drawing 16 (b). Beforehand, the three reducing 
valves 226,227,228 are set as the separate value, and where the opening and closing valve 
220,221,222 is closed, the 1st block of the inspection fluid feed unit 230 is connected to 201. 
Next, the opening and closing valve 220,221,222 is opened and each manifold is filled up with 
inspection fluid. It will judge that restoration was completed, if the value of the pressure gauge 
223,224,225 is stabilized, and the value of the pressure gauge after closing and carrying out 
specified time elapse of all of the three opening and closing valves is investigated. From the 
value of three pressure gauges, the quality of a seal can be judged as follows. 
[0071]First, if there is no change in the value of three pressure gauges, since inspection fluid did 
not leak from each manifold, it can be judged that the seal of each manifold is perfect. 
[0072] Only the value of one pressure gauge changes, and other two pressure gauges have a 
portion with an imperfect seal in the manifold with which the pressure value changed when not 
changing, and it can be judged that the gas in a manifold has leaked out of a fuel cell layered 
product 

[0073]When both the values of two pressure gauges have fallen, the following two cases can be 
considered. Namely, the case where two manifolds with which the pressure value changed have a 
portion with an imperfect seal, and the inside of each manifold and the exterior of the fuel cell 
layered product are connected directly, Or it is the case which between two manifolds is open 
for free passage, and also is connected also with the inside of a manifold, and the exterior. 
[0074]When the value of one pressure gauge is rising between two pressure gauges and the 
value of other pressure gauges is decreasing, it is the case which two manifolds corresponding to 
these pressure gauges are opening for free passage mutually. However, it can be judged that 
inspection fluid has not leaked to the exterior of a fuel cell layered product. 

[0075]Also when the value of three pressure gauges is changing, the information about in which 
portion the sealing failure occurred as well as [ almost ] the case where the value of two 
pressure gauges is changing can be acquired. 

[0076]Thus, by change of the value of three pressure gauges, the information about whether 
there is any imperfect portion in a seal and in which portion when a seal has an imperfect 
portion, the defect has occurred can be acquired. 

[0077]Since leak detection of three manifolds can be conducted simultaneously according to the 
method shown in drawi ng 1 6 (b), it is possible to raise test efficiency. Since the information 
about the contents of the generated sealing failure can also be acquired at the time of a leakage 
test, it is an upstream manufacturing process (for example, a temporary adhesion process.) more 
about this information. Or there is also an advantage that it is possible to make it feed back to 
an upstream electrolyte membrane manufacturing process etc., and to raise the manufacturing 
efficiency as the whole. 

[0078]Signs that each manifold currently formed in the fuel cell layered product is filled up with 
inspection fluid are notionally shown in drawing 17 and drawing 18. Drawing 1 7 (a) shows signs 
that a fuel gas manifold is filled up. The nitrogen gas supplied to the inspection fluid feed hopper 
206a established in the side of 201 the 1st block passes along the 1st block of the opening 206b 
of the upper surface of 201, and the fuel gas manifold in which the fuel gas passage hole 125 was 
open for free passage, and was formed is introduced. The fuel gas passage hole 125 is carrying 
out long and slender form, as shown in drawing 3 or draw i ng 8 (b), and the introduced inspection 
fluid (nitrogen gas) goes up the fuel gas manifold which carried out this long and slender 
sectional shape. If it says by drawing 1 7 (a), the near side of the figure will be gone up. In drawing 
17 (a), inspection fluid is expressing the inside of a fuel cell layered product as if it is divided into 
four passages and was going up, but this is expressed for convenience for avoiding complicated- 
ization of a figure. The fuel gas manifold which the fuel gas passage hole 124 was open for free 
passage, and was formed is formed in the back side of dr aw ing 1 7 (a). Between two manifolds 
formed in the near side of a figure, and the back side, it is connected in the fuel gas flow route 
105P provided in each separator (refer to drawing 2 and drawing 3). Then, inspection fluid will 
flow into the manifold formed in the back side through the fuel gas flow route 105P, if the 
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manifold of a near side is filled. In drawing 17(a), in order to avoid complicatedHzation of a 
figure, the number of the fuel gas flow route 105P is expressed to the actually more quite few 
eye. In this way, when the gas pressure in two fuel gas manifolds turns into setting-out gas 
pressure, it means that the inspection fluid filling work of the fuel gas manifold was completed. 
[0079]Prawing 17 (b) shows signs that an oxidation gas manifold is filled up with inspection fluid, 
and drawing 18 shows signs that it fills up with inspection fluid of a cooling water manifold. Signs 
that it fills up with inspection fluid to an oxidation gas manifold and a cooling water manifold are 
the same as that of a case where a fuel gas manifold is filled up. That is, if inspection fluid is 
supplied to each inspection fluid feed hopper 207a and 208a, each manifold will be introduced 
from the openings 207b and 208b, and a manifold of an opposite hand will be filled up with 
inspection fluid through a passage established in a separator. 

[0080]A pressure of inspection fluid with which each manifold is filled up, i.e., a setting pressure 
of a reducing valve, is set as a value calculated experimentally. Since a fall of gas pressure also 
becomes [ gas with which could generally shorten an injection time, so that a gas-charging 
pressure was high, and it was filled up, so that filling pressure was high ] being easy to reveal 
therefore early, a sealing nature quality can be judged in a short time after the completion of 
restoration. However, since there is also a possibility of destroying a separator and a seal 
between electrolyte membranes by a pressure of gas with which it is filled up when it is set as a 
too much high pressure, it asks for optimal filling pressure by experiment. Filling pressure of a 
cooling water manifold may be set up lowness rather than filling pressure of fuel gas or an 
oxidation gas manifold. This is because a seal of cooling water is easy, therefore its seal capacity 
demanded is generally also low compared with a fuel gas manifold etc. compared with a seal of 
gas. Since a seal of cooling water applies a sealant and is only performed to performing seals, 
such as a fuel gas manifold, by stiffening adhesives, It is suitable, if it is in a tendency for a seal 
to be easy to be destroyed by a pressure of gas with which it was filled up and filling pressure of 
a cooling water manifold can be set as a low value also from this point. In it, the time required to 
judgment of a quality of a seal had been less than 30 seconds since it began to have filled up 
inspection fluid with this example into a manifold. 

[0081]In the above explanation, although nitrogen gas was used as inspection fluid, it is also 
possible to use other gas. For example, clean air can be used or carbon dioxide or gaseous 
helium can be used. Since there is generally a tendency to be easy to leak as gas with a small 
molecular weight, if hydrogen gas which is gas with the smallest molecular weight is used, 
inspection accuracy can be raised further. But it is also preferred to substitute gaseous helium 
with easier handling and acquisition. Inspection fluid may be changed with a cooling water 
manifold and other manifolds. That is, gas with molecular weights small to other manifolds, such 
as gaseous helium, may be supplied for nitrogen gas or clean air to a cooling water manifold. As 
these inspection fluid, detection of leakage is easy, and handling is easy, and also it is preferred 
to choose and use the fluid with which it is satisfied of at least three conditions that there is no 
possibility of the chemical reaction within a fuel cell. 

[0082]As explained above, in manufacture of the fuel cell layered product of this example, it is in 
the state set in the leakage testing device 200, and lamination of various separators, an 
electrolyte membrane, etc., application of pressure and adhesion, and a leakage test can be done. 
Therefore, since it is not necessary to reset the fuel cell layered product after application of 
pressure / adhesion to a leakage test machine, while being able to improve manufacturing 
efficiency greatly, when setting to a leakage test machine, the adverse factor of the quality of 
conformance of attaching a crack to a layered product can be decreased. 

[0083]The inspection fluid feed hoppers 206a, 207a, and 208a for introducing inspection fluid for 
leakage tests are established in the 1st block 201 sides of the leakage testing device 200, and if 
inspection fluid is supplied from this feed hopper, as shown in drawing 16, a leakage test can be 
done very efficiently. For example, when a fuel cell layered product has had a band-conveyor top 
conveyed in the state where it was set in the leakage testing device 200, a worker of a 
production line is only filled up with inspection fluid from each feed hopper, and can do a leakage 
test. 

[0084]In the above explanation, although an inspection fluid feeding passage has been explained 
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as what is provided in 201 the 1st block, the 2nd block of same passage may be established in 
205. Since a position of an inspection fluid feed hopper becomes high in a direction established 
in 205 the 2nd block from 201 the 1st block, a line workers work posture can become good and 
working efficiency may be raised, 

[0085]The leakage testing device 200 is carried on a palette for conveyance, and it may be made 
to convey to a leakage test machine by a transfer machine. Since a relative position of a position 
of an inspection fluid feed hopper established in the leakage testing device 200 and a leakage 
test machine can be kept constant whenever it carries out like this, filling work of inspection 
fluid is automated and it becomes possible to do a leakage test automatically. 
[0086]Also when using the leakage testing device 200 of this example and manufacturing a fuel 
cell of different form, there is an advantage that the same production line can be used. That is, if 
form of an inspection fluid feed hopper is made into identical shape 201 and when creating 205 
[ block / 2nd I even if form of a fuel cell differs in form of a fuel cell, the 1st [ in all ] block of a 
leakage test can be done on it using the same leakage test machine. If a position of an 
inspection fluid feed hopper is not depended on form of a fuel cell but is provided in the same 
position to 201 or a palette for conveyance the 1st block, it will become possible to carry out a 
leakage test of a fuel cell of other models easily using the same automatic machine. If a position 
of a stud bolt is unified, a nut bolting machine in application of pressure and a bonding process 
can also use the same equipment. Therefore, it becomes easy to manufacture a fuel cell of 
various sorts with a single line. 

[0087]The leakage testing device 200 may not be carried in a palette for conveyance, but the 1st 
201 block itself may be formed in a palette for conveyance, and one. Since it becomes 
unnecessary to carry if it carries out like this, positioning the leakage testing device 200 on a 
palette for conveyance, it becomes possible to raise manufacturing efficiency. 
[0088]After a leakage test is completed as mentioned above, a fuel cell layered product is 
removed from the leakage testing device 200, and is conveyed by next step. 205 [ block / 1st / 
block / 2nd ] is again supplied to the laminating process S20 with 201, and it is used for 
application of pressure, the bonding process S30, and the leakage test process S40. 
[0089]In order to remove a fuel cell layered product from the leakage testing device 200, it is 
necessary to remove the nut 204 and to remove 205 [ block / 2nd ]. In this case, it may be 
made to provide the 2nd block of a nut presser foot in 205 so that the 2nd block of the nut 204 
may not fall out from 205. This example is shown in drawing 19. Although the nut 204 is pivotable 
and can bind 205 [ block / 2nd ] tight freely, even if it loosens the nut 204, a flange is caught in 
the nut presser foot 214, and it does not fall out from 205 the 2nd block. Thus, since the 2nd 
block of the nut 204 will be supplied to the laminating process S20 with 205 if the nut presser 
foot 214 is formed, While becoming possible for it to become unnecessary to supply the nut 204 
which binds 205 [ block / 2nd ] tight, and to raise manufacturing efficiency, since it becomes 
unnecessary to prepare a nut feed unit also when attaining automation of a production line, it is 
suitable. 

[0090]The layered product judged that there is no leakage point by the leakage test is assembled 
by the fuel cell 10 with a collecting electrode plate and an end plate as it is. When it is judged 
that there is a leakage point, it is possible to pinpoint a leakage point as follows and to 
reassemble except for a leaking portion. That is, although it is during explanation of the 
temporary adhesion process S10 and being mentioned above, the sealant is applied between the 
cooling separator 1 13 and the end separator 1 1 1 which touches this, and adhesives are not 
applied. Therefore, even if it is after application of pressure / adhesion, it is possible to 
decompose a fuel cell layered product between the cooling separator 113 and the end separator 
111. Signs that it has decomposed in this way are notionally shown in drawin g 20 . When leakage 
is found in a leakage test, the unit which has produced leakage can be specified by carrying out a 
leakage test, decomposing little by little, as shown in draw^ In this way, if the unit which 
has leaked is specified, and only the unit will be exchanged for a normal unit and will be 
reassembled, it can be used satisfactorily at all. 

[0091 ]As mentioned above, although various kinds of embodiments have been described, this 
invention is not restricted to the embodiment of all above, and can be carried out in various 
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modes in the range which does not deviate from the summary. For example, although 205 
[ block / 2nd ] is bound tight using the nut in the above explanation, it is good also as a 
structure of using the bolt 215 instead of a nut so that it may illustrate to drawi^ 
[0092]Although only the leakage test was done in the above explanation, other examinations may 
be done together with a leakage test. As an example of other examinations, it is also possible to 
measure the internal resistance of a fuel cell layered product as follows. First, structure where 
205 [ block / 1st/ block / 2nd ] was mutually insulated with 201 electrically is used, and the 
electrode is provided in the field where each touches a fuel cell layered product. What is 
necessary is just to cover the 2nd block of the surface of 205 with an insulating material, for 
example, in order to insulate 205 [ block / 1st / block / 2nd ] with 201 electrically. 
Subsequently, moderate moisture is supplied from an inspection fluid feed hopper, conductivity is 
given to an electrolyte membrane, and the 1st block of resistance [ the 2nd block of ] with the 
electrode of 205 is measured with the electrode of 201. Since the fuel cell layered product which 
shows the value whose internal resistance value is higher than a specified value is considered 
that the poor single cell is contained, it decomposes per unit and it should just exchange 
defective units. 



[Translation done.] 
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* NOTICES * 

JPO and 1NPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



TECHNICAL HELD 



[Field of the Invention]This invention relates to the technology of carrying out the leakage test 
of the fuel cell layered product which laminated the solid-electrolyte membrane and the 
separator in detail, about the technology of manufacturing and examining a fuel cell. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] A fuel cell supplies the fuel gas containing hydrogen to the anode 
side, supplies the oxidizing gas containing oxygen to the cathode side, and changes directly into 
electrical energy the chemical energy which fuel has using the electrochemical reaction which 
occurs on two poles. The general form of such a fuel cell arranges the electrode of a couple on 
both sides of an electrolyte membrane, and supplies the oxidizing gas which contains oxygen in 
the electrode (cathode) of another side for the fuel gas which contains hydrogen in one 
electrode (anode). In the polymer electrolyte fuel cell, solid polyelectrolyte membrane is used for 
the electrolyte membrane. 

[0003]A fuel cell takes the stack structure which laminated the cell (called a single cell), in order 
to acquire sufficient electromotive force, a single cell pinches an electrolyte membrane with the 
gas diffusion electrode of two sheets, and forms sandwich structure — this sandwich structure - 
- gas — it has structure further pinched with the separator [ **** / un~]. If fuel gas and 
oxidizing gas are supplied to each of two gas diffusion electrodes of an electrolyte membrane, 
electrochemical reaction will occur on both sides of an electrolyte membrane, and electromotive 
force will arise in each single cell. In order to acquire required electromotive force, this single cell 
is laminated and the fuel cell of stack structure is constituted. 

[0004] In such a polymer electrolyte fuel cell, the electrolyte membrane has played the role which 
separates the fuel gas supplied to a single cell, and oxidizing gas, and the role which prevents 
gas from mixing a separator between the adjoining single cells is played. Therefore, in order for a 
polymer electrolyte fuel cell to protect mixing with fuel gas and oxidizing gas, it becomes 
important to fully secure the sealing nature between an electrolyte membrane and a separator at 
the periphery of each single cell. 

[0005]Usually, the method of pasting up an electrolyte membrane and a separator using 
adhesives, the method of sticking an electrolyte membrane and a separator by thermo 
compression bonding, etc. are used for such a seal. For example, the applicant is indicating the 
technology of realizing sufficient seal between an electrolyte membrane and a separator, in 
JP,9-199145 A. if these technology is used, compared with the case where the seal of between 
an electrolyte membrane and separators is carried out using an O ring, there is an advantage 
which can miniaturize seal structure and can miniaturize the whole fuel cell by extension. Since 
it is necessary to carry out fixed time application-of^pressure maintenance of jointing or the 
compression bonding part in order to acquire sufficient sealing nature by adhesives or thermo 
compression bonding, an electrolyte membrane and a separator are laminated and it sets to a 
pressing machine, and the quality of a seal is inspected after carrying out fixed time (typically 
about 10 hours) application-of^pressure maintenance. In order to prevent the fuel gas supplied 
and oxidizing gas from being mixed certainly, this leak detection is carried out about all the 
manufactured fuel cells. 
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TECHNICAL PROBLEM 



[Problem to be solved by the invention] However, the layered product of the electrolyte 
membrane by which application-of-pressure adhesion was carried out is taken out from a 
pressing machine, and a great labor is needed in order to set in the leakage testing device which 
inspects the quality of a seal. Since it is necessary to transfer the layered product of an 
electrolyte membrane to a leakage testing device from a pressing machine, it becomes an 
adverse factor of a quality of conformance to damage an electrolyte membrane layered product 
on the square of a tool, etc. at the time of a transfer etc., and there is a problem of reducing the 
manufacturing efficiency of a fuel cell. 

[0007]This invention is made in order to solve above-mentioned SUBJECT, and an object of 
invention is to provide the technology which makes it possible to raise the manufacturing 
efficiency of a fuel cell by doing efficiently the leakage test of the fuel cell layered product 
formed by laminating an electrolyte membrane and a separator. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[The means for solving a technical problem, and its operation and effect] The next composition 
was used for the leakage testing device of this invention in order to solve at least a part of 
above-mentioned SUBJECT Namely, laminate the electrolyte membrane pinched with the 
separator with which the gas~passageway hole which the gas for power generation passes was 
provided, and this separator, and it is formed, The 1st block that is a leakage testing device of 
the fuel cell layered product which built in the gas manifold by which this gas-passageway hole is 
mutually open for free passage, and supplies said gas for power generation to said electrolyte 
membrane and by which said separator and said electrolyte membrane are laminated, The 
positioning member which is set up by this 1st block and positions said separator laminated, The 
2nd block carried from said laminated separator and an electrolyte membrane, Have a fastening 
member which concludes said 1st block and the 2nd block, and to either [ at least ] said 2nd 
block or the 1st block. Let it be a summary to provide the inspection fluid feeding passage which 
carries out an opening to a position with the gas-passageway hole of said separator, and supplies 
predetermined inspection fluid to said gas manifold. 

[0009]The leakage test method of this invention corresponding to the above-mentioned leakage 
testing device, Laminate the electrolyte membrane pinched with the separator with which the 
gas-passageway hole which the gas for power generation passes was provided, and this 
separator, and it is formed, Positioning by the positioning member which is the leakage test 
method of the fuel cell layered product which built in the gas manifold by which this gas- 
passageway hole is mutually open for free passage, and supplies said gas for power generation to 
said electrolyte membrane, and was set up by the 1st block. Laminate said separator on this 1st 
block, and the 2nd block is carried from on said laminated separator and an electrolyte 
membrane, After concluding this 2nd block to the 1st block, it is provided in either [ at least ] 
said 2nd block or the 1st block, Let it be a summary to supply predetermined inspection fluid to 
said gas manifold, and to inspect the disclosure existence of this gas manifold from the 
inspection fluid feeding passage which carries out an opening to a position with the gas- 
passageway hole of said separator. 

[0010]In this leakage testing device and a leakage test method, it concludes on both sides of a 
layered product of a separator and an electrolyte membrane between the 1st block and the 2nd 
block, only predetermined time holds this state, and an electrolyte membrane and a separator 
are pasted up. After the completion of adhesion, from an inspection fluid feeding passage 
established in either the 1st block or the 2nd block, predetermined inspection fluid is supplied to 
a gas manifold currently formed in a fuel cell layered product, and disclosure existence of a gas 
manifold is inspected. Since leak detection can be conducted in the state of [ as it is ] after the 
completion of adhesion with an electrolyte membrane and a separator if it does in this way, it 
becomes possible to be able to do a leakage test of a fuel cell layered product efficiently, and to 
raise manufacturing efficiency of a fuel cell by extension. A period to the completion of 
conclusion uses press equipment, and in order not to monopolize press equipment till the 
completion of adhesion, there is also an advantage that equipment efficiency can be raised. 
[001 1]A fuel gas passage hole which fuel gas passes as said gas-passageway hole, and an 
oxidizing gas passage hole through which oxidizing gas passes are established in said separator, 
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By laminating this separator, inside a fuel cell layered product, When a fuel gas manifold which a 
fuel gas passage hole is open for free passage, and supplies said fuel gas to one side of said 
electrolyte membrane, and an oxidation gas manifold which an oxidizing gas passage hole is open 
for free passage, and said electrolyte is alike on the other hand, and supplies said oxidizing gas 
are formed, it is good also as following leakage testing devices. Namely, the 1st inspection fluid 
feeding passage that carries out an opening to a position with said fuel gas passage hole, and 
supplies predetermined inspection fluid to said fuel gas manifold, The 2nd inspection fluid feeding 
passage that carries out an opening to a position with said oxidizing gas passage hole, and 
supplies predetermined inspection fluid to said oxidation gas manifold may be established in 
either said 2nd block or said 1st block. 

[0012]After concluding a layered product of an electrolyte membrane and a separator by the 2nd 
block and the 1 st block and completing adhesion in such composition, inspection fluid is supplied 
from an inspection fluid feeding passage of either the 1st or a 2nd, Disclosure existence of one 
gas manifold is inspected, inspection fluid is supplied from an inspection fluid feeding passage of 
another side after that, and disclosure existence is inspected. Since leak detection can be 
conducted in the state of [ as it is ] after the completion of adhesion with an electrolyte 
membrane and a separator if it carries out like this, it becomes possible to be able to do a 
leakage test of a fuel cell layered product efficiently, and to raise manufacturing efficiency of a 
fuel cell by extension. 

[001 3] By providing a cooling water passage hole which cooling water other than said gas- 
passageway hole passes in said separator, and laminating this separator, inside a fuel cell layered 
product, When a cooling water manifold which a cooling water passage hole opened for free 
passage is formed in addition to said gas manifold, it is good also as following leakage testing 
devices. That is, the 3rd inspection fluid feeding passage that carries out an opening to a 
position with said cooling water passage hole in addition to said inspection fluid feeding passage, 
and supplies predetermined inspection fluid to said cooling water manifold may be established in 
either said 2nd block or said 1st block. 

[001 4] After concluding a layered product of an electrolyte membrane and a separator by the 2nd 
block and the 1st block and completing adhesion also in such composition, Inspection fluid is 
supplied from an inspection fluid feeding passage, disclosure existence of a gas manifold is 
inspected, after that, inspection fluid is supplied from the 3rd inspection fluid feeding passage, 
and disclosure existence of a cooling water manifold is inspected. Of course, both scanning order 
may be reverse. Since leak detection can be conducted in the state of [ as it is ] after the 
completion of adhesion with an electrolyte membrane and a separator if it carries out like this, a 
leakage test of a fuel cell layered product can be done efficiently. 

[0015]ln an above-mentioned leakage testing device, an inspection fluid feed hopper for 
supplying said inspection fluid to said inspection fluid feeding passage may not be twisted in form 
of a separator to laminate, but it may provide in a specified position of said 2nd block or the 1st 
block provided with this inspection fluid feeding passage. 

[001 6] If it carries out like this, efficiency of a leakage test can be raised further as follows. For 
example, if a position in which an inspection fluid feed hopper is established is constant even 
when manufacturing a fuel cell layered product from which separator form differs, leak detection 
can be conducted, without being influenced by difference in separator form. If an inspection fluid 
feed hopper is established in a fixed position also when attaining automation of a leakage test, it 
can automate simple — a leakage test can be carried out — without identifying a difference in 
separator form. 

[0017]In an above-mentioned leakage testing device, said 1st block may be constituted in a 
palette for conveyance, and one. If it carries out like this, since time and effort which can carry 
out direct lamination of an electrolyte membrane and the separator to a palette for conveyance, 
and carries a leakage testing device in a palette for conveyance can be saved, it is suitable. 
[0018]In this leakage testing device, the 2nd block and the 1st block may be concluded using 
fastening force of a screw of a nut or a bolt, and this nut or an omission prevention member of a 
bolt may be provided in said 2nd block. 

[0019]If it concludes using fastening force of a screw, the 2nd block and the 1st block can be 
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concluded that it is simple and certainly. Since a nut or a bolt will not fall out from the 2nd block 
even if it removes the 2nd block, in order to take out a fuel cell layered product from a leakage 
testing device if a nut or an omission prevention member of a bolt is provided in the 2nd block, 
Since it becomes unnecessary to supply a nut or a bolt when concluding the 2nd block to the 
1st block next time, it is suitable. 

[0020]In this leakage testing device, it is concluded by said fastening member by at least one 
side by the side of the 2nd block or the 1st block, and a buffer member which adjusts fastening 
force added to said laminated electrolyte membrane and a separator may be provided. 
[0021 ]In order that a buffer member may shrink and absorb though some are bound tight too 
much if a separator, an electrolyte membrane, etc. are bound tight with a buffer member, since it 
is avoidable that an overpressure is applied to a separator, an electrolyte membrane, etc., it is 
suitable. 
[0022] 

[Mode for carrying out the invention]In order to clarify further composition and an operation of 
this invention explained above, an embodiment of the invention is described based on an 
embodiment below. Outline composition of a fuel cell with which introduction and a fuel cell 
layered product are used is explained briefly, and manufacture and an inspection method of a 
fuel cell layered product performed by using a leakage testing device for this invention after that 
are explained. 

[0023]A. Outline composition of a fuel cell : drawin g 1 is an explanatory view which illustrates the 
outline of the internal configuration of the fuel cell 10 manufactured by this invention. The four 
fuel cell layered products 100A-100D which have the stack structure in which the fuel cell 10 
laminated the single cell 101, It comprises the feeding-and-discarding parts 20, such as fuel 
which performs feeding and discarding, such as fuel, to these fuel cell layered products 100A- 
1 00D, and pressurizing mechanism 30 grade which applies the pressure of a lamination direction 
to the fuel cell layered products 100A-100D. The fuel gas feed unit which is not illustrated, the 
oxidizing gas feed unit which is not illustrated, and the cooling water feed unit which is not 
illustrated are connected to the feeding~and~discarding parts 20, such as fuel, and it functions 
on them as a fuel cell device as a whole. The gas containing hydrogen is used for fuel gas, and 
the gas (this example air) containing oxygen is used for oxidizing gas. 

[0024]The fuel cell layered products 100A-100D are constituted as a fuel cell of a solid polymer 
electrolyte form, and are formed by carrying out the plural laminates of the single cell 101 which 
is a constitutional unit. The electrochemical reaction which advances in a polymer electrolyte 
fuel cell is shown below. 
[0025] 

H 2 -> 2H + +2e~ — (1) 

(1/2) 0 2 +2H + +2e ~ -> H 2 0— (2) 
H 2 +(1/2) 0 2 ~> H 2 0 — (3) 

[0026](1) A formula expresses the reaction by the side of the anode of a fuel cell, and the 
reaction by the side of the cathode of a fuel cell of (2) types, and the reaction shown in (3) types 
advances in the whole fuel cell. Thus, a solid polyelectrolyte type fuel cell receives supply of the 
fuel gas containing hydrogen in the anode side, advances the above-mentioned reaction in 
response to supply of the oxidizing gas which contains oxygen in the cathode side, and acquires 
electromotive force. 

[0027]Drawing 2 is a sectional view which illustrates the structure of the single cell 101 which 
constitutes the fuel cell layered products 100A~~100D. The single cell 101 comprises the 
electrolyte membrane 102, the anode 103 and the cathode 104, and the separator 105,106. The 
anode 103 and the cathode 104 are gas diffusion electrodes which make sandwich structure on 
both sides of the electrolyte membrane 102 from both sides. The separator 105,106 forms the 
channel of fuel gas and oxidizing gas between the anode 103 and the cathode 104, sandwiching 
this sandwich structure from both sides further. Between the anode 103 and the separator 105, 
the fuel gas flow route 105P is formed, and the oxidizing gas passage 106P is formed between 



http://www4ipdLinpit.go^ 201 0/12/1 5 



JP,2001-023665,A [EFFECT OF THE INVENTION] 



4/4 is 



the cathode 104 and the separator 106. Although the separator 105J06 forms the channel only 
in one side in drawi ng 2 , respectively, the rib is actually formed in the both sides, one side forms 
the fuel gas flow route 105P between the anodes 103, and other sides form an oxidizing gas 
passage between the cathodes with which the adjoining single cell is provided. Thus, the 
separator 105,106 has played the role which separates the flow of fuel gas and oxidizing gas 
between the adjoining single cells while forming a gas passageway between gas diffusion 
electrodes. 

[0028]Here, the electrolyte membrane 102 is 100 micrometers in thickness thru/or ion-exchange 
resin with a proton conductivity of 200 micrometers formed with solid polymer material, for 
example, fluororesin, and shows good electrical conductivity according to a damp or wet 
condition. In this example, the Nafion film (made by Du Pont) was used. The mixture of platinum 
as a catalyst or platinum, and other metal or the alloy of these metal is applied to the surface of 
the electrolyte membrane 102 by the predetermined method. 

[0029]Both the anode 103 and the cathode 104 are formed by the carbon crossing woven with 
thread of carbon fiber. In this example, although the anode 1 03 and the cathode 104 were formed 
by carbon crossing, the composition formed by the carbon paper or carbon felt which consists of 
carbon fiber is also preferred. 

[0030]The separator 1 05,106 is formed with the gas unpenetrated conductive material, for 
example, the substantia-compacta carbon which compressed carbon and it presupposed gas un~ 
penetrating. The separator 1 05,1 06 has two or more ribs which form the gas passagewaies 1 05P 
and 106P in the both sides. Although expressed with drawing 2 the fuel gas flow route 105P and 
the oxidizing gas passage 106P in parallel, with the fuel cell 10 of this example, the fuel gas flow 
route 105P and the oxidizing gas passage 106P were formed so that it might intersect 
perpendicularly mutually. The form of the rib formed in the surface of each of this separator 
should just be the form which can supply fuel gas or oxidizing gas to a gas diffusion electrode. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Dra wing 1]lt is an explanatory view showing notionally the entire structure of the fuel cell 
assembled using the fuel cell layered product of this example. 

[ Drawin g 2]It is an explanatory view showing the structure of the fuel cell for a single cell 
notionally. 

[Drawing 3]It is an explanatory view showing signs that assemble various separators, an 
electrolyte membrane and a cathode, and an anode, and a fuel cell is constituted. 
[Drawin g 4]It is a flow chart which shows the flow of manufacture and the inspection process of 
the fuel cell layered product in this example. 

[ Dr aw in g 5] It is an explanatory view showing notionally signs that temporary adhesion of a 
separator, an electrolyte membrane, etc. for one unit is carried out. 

[ Drawin g 6]It is an explanatory view showing notionally signs that temporary adhesion of a 
separator, an electrolyte membrane, etc. for one unit is carried out using a gasket. 
[D rawing 7]It is an explanatory view showing the whole shape of the leakage testing device of 
this example. 

[Drawing 8]lt is an explanatory view showing signs that the unit which carried out temporary 
adhesion is laminated in the leakage testing device of this example. 

[Drawi n g 9]In the fuel cell laminating process of this example, it is an explanatory view showing 
notionally signs that temporary adhesion work is formed into two or more lines. 
[ Draw ing 10]It is an explanatory view showing other modes which position the unit laminated by 
the leakage testing device of this example. 

[Drawing 11 Jin the leakage testing device of this example, it is an explanatory view showing signs 
that application of pressure and adhesion of the fuel cell layered product are performed by 
adding and holding a predetermined load. 

[ Drawin g t2]By using a pressing machine, it is an explanatory view showing notionally signs that 
the load added to a fuel cell layered product is managed. 

[Drawing 1 3]By measuring the elongation of the stud bolt of a leakage testing device, it is an 
explanatory view showing notionally signs that the value of the load added to a fuel cell layered 
product is managed. 

[Drawing 14] By providing a buffer member in the leakage testing device of this example, it is an 
explanatory view which illustrates notionally signs that the management accuracy of the load 
added to a fuel cell layered product is raised. 

[Drawing 1 5] It is an explanatory view which illustrates the composition of the production line 
which manufactures a fuel cell layered product using the leakage testing device of this example. 
[Drawing 1 6]It is an explanatory view showing notionally signs that the leakage test of the fuel 
cell layered product is done using the leakage testing device of this example, 
[Drawing 17 ]The inspection fluid supplied from the inspection fluid feed hopper in the leakage 
test is an explanatory view showing notionally signs that the fuel gas manifold and oxidation gas 
manifold in a fuel cell layered product are filled up. 

l^J^iklsASlJ^ inspection fluid supplied from the inspection fluid feed hopper in the leakage 
test is an explanatory view showing notionally signs that the cooling water manifold in a fuel cell 
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layered product is filled up, 

[Drawing 19]It is an explanatory view which illustrates signs that the nut presser foot was 
provided in the 2nd block of this example. 

[Dravyinjg 20]It is an explanatory view showing notionally signs that the fuel cell layered product 
is decomposed per unit in this example, 

[Drawing 21]It is an explanatory view showing the whole shape of the leakage testing device as 
other modes. 

[Explanations of letters or numerals] 
10 — Fuel cell 

20 — Feeding~~and-discarding parts, such as fuel 
30 — Pressurizing mechanism 
100A-100D — Fuel cell layered product 

101 — Single cell 

102 — Electrolyte membrane 

103 — Anode 

1 04 — A cathode 
105,106 — A separator 

105P, 106P A gas passageway 

1 1 0 — A central separator 

1 1 1 — An end separator 

1 1 3 — A cooling separator 

114 — Epoxy resin adhesive 

115 — A sealant 

116 — A gasket 

1 20,1 21 — A cooling water passage hole 
122,123 — An oxidizing gas passage hole 
1 24,1 25 — A fuel gas passage hole 

126 — A rib 

1 27 — A rib 

1 28 — A slot 

128P — A cooling water passage 
1 28P — A cooling channel 

200 — A leakage testing device 

201 — The 1st block 

202 — A guide 

203 — A stud bolt 

204 — A nut 

205 — The 2nd block 

206,207,208 — An inspection fluid feeding passage 
206a, 207a, 208a — An inspection fluid feed hopper 
206b, 207b t 208b — An opening 
206c, 207c, 208c — Splicing fittings 

209 — An air cylinder 

210 — A presser-foot board 

211 — A pressing machine 

212 — A buffer member 

213 — A plate spring 

214 — A nut presser foot 

215 — /\ bo | t 

220-222 — An opening and closing valve 
223-225 — A pressure gauge 
226-228 — A reducing valve 

229 — A reducing valve 

230 — An inspection fluid feed unit 
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231 — Gas bomb 
[Translation done.] 
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[Drawing 1] 

10 




[D rawing 2 ] 



http://www4.ipdl.inpit.go jp/cgi-bin/tranjweW 201 0/1 2/1 5 



JP,2001-023665,A [DRAWINGS] 



2/10^— v 




[Drawing 3] 
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[Drawing 4] 



http://www4ipdl.inpitgo.jp/cgi-bin/tran_web cgi_ejje?atwu^http%3A%2F%2Fww... 2010/12/15 



JP,200 1 -023665 , A [DRAWINGS] 



3/10 ^ — v 



C 



mmxm ) 



S10 



S20 



S30 



S40 



C 



3 



[Drawing 5] 

Tt n n — n |— ■»! 

^prvTrtrynnrirLn i^w^ 1 '«* 



115 




^115 

i T n i — n„,, -, i jhu— i ft n i 1 1 1 



(b) 



|™i~JT«Ji>-n-XL_jx_iX-r^^ 
|^ i,, ^i^i^r^rTj-Tj-TLf-if-u-i nwllt 



114 




[Drawi n g 9] 



http://www4ipdUnpit.gojp^ 2010/12/15 



JP,200 1-023665, A [DRAWINGS] 



4/10 K—S? 




0 



1^ 



201 



201a- 1 2Q$a 208* 

[Drawing 12] 



211 



3-^ 



Z01 



[Drawing 7] 



http://www4.ipdl.inpit.go jp/cgi-biii/tran_web_cgi_ejje?a1w_u-http%3 A%2F%2Fww... 20 1 0/1 2/15 



JP,200 1-023665, A [DRAWINGS] 



5/10 k—s; 




202 2?3 




[Drawin g 1 0] 



http://www4.ipdl.inpit.go jp/cgi~bin/tran_web^^ 20 1 0/1 2/1 5 



JP,200 1-023665, A [DRAWINGS] 



6/10^— v 




[Drawing 1_3] 
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[Drawing 15] 
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[ Drawin g 20] 
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[ Draw ing 17] 




[Drawing 21] 
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0 6 P«rJgj*-r«*»roy'7£#LT^.5. El2 7?ft, 

TO^f^i^SS 1 0 5 P k ®.'Y. U 1 0 6 P k fi¥fr 

t/'x^ifg 1 0 5 p •••r i *-':r.'/x <1 {fit-ff 106 p tfta^ta: 
J: 5 i:MLfc„ rw#-fe/^-yc>sgffcffM 

[0031] e 3 f- , *fiifeWtoiSM-?fiiaJi* 1 0 0 

A- 1 0 0 Dt'43!^T, H^5'^i?;u 1 0 1 tfffifBZtl 

zMTZtiMmmiz-koxm-t, t-^-u- y 105, 

1 0 6 ft, ^l^60TO«ftHJlfr lOOA-lOODf 
ft, y 1 1 0, tifc$±/<i'—jr 
£H?v«U— y 1 1 3C0^-fixa^ LT«fi£$tlT^5 0 

0 5 p s gEft^f^a^ 1 0 6 p, tJtr/^£p*as&as^ 

[0032] r*h ±ie»3SS(7>-[r/^-yft, iSx£L 
a^, **tt«rWi-5ffi©WWt J: otMfs; £ £ L 

[0033] mnmmmfSfc&ftm-Fz t #tj±, 

111 0 2SrT/-Kl 03i*y-Ki 0 4T«L 
fc»Jft*r, -fe^ y -C'Ptfffla^ftff LTffi^ft -5= 
El3Tft, tpifc-fe/<u— y 110, uS^-lr/NU-y l l 
1, iftilHr/NU-y 1 1 3t#-ftfoLiV7$4i>-3 

fea-, n^f«4«?fe«s^^«^^t#f-ft, «-t 
u- y £ffJl-t 5 W-a-fi^-f l r ^^PSS s ^5 r 

Z$i\z.ffi$i J b/<u—j> 1 1 1 £#£p-i?^u— y 1 1 3£ 

[0 0 3 4] Sfc, BMtefflSfr^ffM^LTfi, 

*WKI^i 0 2tojg]izi^fcfi, -t^u— y fcssi-5ffi« 
f;t5^TFjff£«->— ^SWt^uit^tLSo :o->- ^|P|5 
U ft , # ^-b ^ A a» Ps * *5 1 ot^k tmti 
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[oo35] «±«j: 5 imf&ziitcmnmmmmft i 

t rc> K/u- h tm <o tin hfix, m i itm LtzBM 
mm i oimvm-tbixz, z.z.x\ nM.m-m.mw* 

Ufc»BJBEtftflt 3 0 tt, * i?(DWlfc-h £<£ffl Ltffff 

[0036] w^x«if t m<t#x®%im 
kjs cfcinssrff o fcrot, m$mm 1 o t-w^ lt^ 

3 0 ftW^WiltLTii^ y * y -/i^roflMfc* 

S^*f LTW^it^, 

iz. w 7L it JkM £ 5 * mVfWSk S * t' £ m v ^5 - 

[0 0 3 7] B . ^HtMt/fft^Mig • itlg : Ui 

±. mmmt 1 o , *j «t 1 o ti^as 

fltftll* 1 0 0 ©«ElM»JS»iio^TittW Lfc 0 * 
Jf LT'BWtMIJIfr SrSfigi-* Xg»m® Sr^i-XS 
ffi#-f 3{kS#XgS lOt, im%Ltz-k;<U~? t 

mnmrnzmsi-zmmTMs 2 0 t, tiLfct^u 
-y ^flgTT^^Bfp B mjf-r?.jpi± • g 

figs 30t, fc^*&«»#Wi/-/H4«<0&5«: 

[0038] ( 1 ) Mg#xa : mmTMs 1 0 T? 
(i, mmmkLx^tf*~ymm*mmmi 1 4 l 

2, T / — K 10 3, *y-Kl04 *rfi/r^HIffT*^ 



(6) 2 0 0 1- 2 3 6 6 5 
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[0 0 3 9] JtftH^ l"— * 1 1 1 GDJtffif£« (SI 3 f 
<?>jlififflij) (Ctt, ^rfSBHfc^il^+Ll 2 2, 12 
3 y y* 1 2 6 «Jtlt^ 

ffi-rs* y- k i o 4 twiw^iefiLfcSMb#^«» 1 

0 6 [' /.r M'^ht -i 5 SSas-fe^u—^ 1 1 1 Wffiffitt, ?f 
10 [0 0 4 0] 'l-fc tr ^ U- ^ 1 1 0 COjtffi (H 3 : t'.'»ii: 

iSflJ) ,-:l, »i^ii-5»{bXf^iiB7Ll 2 2, 12 3 PA 
41«it5»©flT4ilt«o y y 1 2 6 ;cw ; M.^-n : 
11^1 2611 «f4fiftHHf*Sr^PjcLfc|5^^(-± 

y- K 1 0 4 t rorote«a&Lfc»{b#*ifeR 

1 0 6 ^ 1 1 0OftHffi(' 
II, WIpIT SiRW^^iiKJLl 2 4, 12 sm^tt- 

1, y y 1 2 e t m&i-z&mcoM'Vw v y 1 2 7 ^jt? 
j*$nrt^5. yyi2 7ij, m®mmmmfr*M&LL 
tcma-i. mm-zTs-Y 1 0 3 1 <Dmi^tL±m 

20 n :'J * 1 0 5 P & WM-t 5 o 

[0 0 4 1 ] ^Sp-t-^N 9 1 1 3 CDK"ffi (@ 3 >fC0|i 
ffi«) i^l±, ^t»^WTLl 2 4, 1 2 5M 
Sri$l&T5-fl«^ 5 FtT^«ttwy 7"1 2 Tim&LZftX. 

y y" 1 2 7 fi, ^^TlMH^^JFM Lfcl^fCfi 
mm-f h T J - K 1 0 3 t rolHKJEiB LTcW^^StSS 
1 0 5 PSr^-TS. 1 1 3om 

ffi (H3^roiEffi«) r ri, its* Lfc}££P7kil3g?L 1 2 

0 , 12 1 MfcJi#1-5«0T:|K<©» 1 2 8 ^JFM* tlT 

30 y 1 1 3 {±^ai-5 j; 5 lam** u-y 1 1 1 1 ks- 

r60t^?il 2 8f±^S|5-fcr/^U-y 1 1 1 (D7 
y v V t ©WJ-eJ l &*P*K 1 2 8 p 5-fMt5o 

[0 0 4 2] Sfc, SS^-fe^^U 

-y 1 1 1, ^ip-fe^u-y 1 1 3ftii, ^rofgM^g5 
W2*fTr (El3*co.htP[ifiiS) Wffi^B&RJf^M 
7kiiSg?Li 2 0, 12 1 mM£tiX\,^5 0 rco^iPTk 
ilKTLl 2 0, 12 Hi, .hltiMmaJifr^ffML 

fciR. ¥-fe/K»as*fSi t «r jta-t- 5 

ai:fioT|fttv-^ e) |L (K{t^^ii»5L) 12 2, 

1 2 3*J.fcl5— *h07L (^I4*'^®2§?L) 12 4, 12 

5mM£tix\,^ 0 wi»iift^Mt5i, n 

^^fk7J'^ii^?Ll 2 2, 1 2 3l±BMt^^©iilS (Sff 

JB^^iiKai 2 4, 12 

[0043] xatb/c^-ax/NU-y t, mnnmi o 

2, 7y-Kio3, *v-ki o 4&ms-rz~m 

so 4, 0 5 ( a ) fr«AWK*-r. 03SS^-CV4i5 
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id, «j*K<i»-fe 1 l i£S#, *»±i:*y 
— K 1 0 4, fltftfttK 102, T J — K 1 0 3 . *^-tr 

^ 1 1 0(DHIil{ra/#LT^< t , ::: 'M i: ' - u - ■ '/ 1 
l o ,') Mir.* y-Ki 04, m^fMIl i o 2, 7 
/ K 10 3, tf?£!l-'.'A 1 1. 3 WMfrffl/it-^o 

-)ir.fl«$nfc*^-fe^°^-? i l l Jfrip-fe 
1 l 3 * TT, 1 o<D== -7 b &f?f fiSf 5o 

[0044] ^ms^-m, u-^h (Dmmmt 

U-f> 1 1 1 t^ifj-fe/^U-^ 1 l 3 C0Ffl{Ccf 
•k-t;<U-9 1 1 0* lftfc*tta«Lfcfltfi£t!to-CV^ 
5 0 cp^r-tr/^U— ^ 1 1 OCDp^ftfl^tt, *V»Kl 0 
4 , flififStJM 10 2, TV — K 1 0 3 <nm> 1 »T-ofc 
2>^fj, ^■■t/W&X'^Z.lis 1 • i-i-'iti'-l-^; 2 

o-f oflffifc £ it 5 t f r. # -5 „ t,oH, "f^-tr^u— 
^1 1 0£«8rtfeHJlL*t, J:5#S«*t;Hr«L 
Tfei:v\, r .-':iMi"r!l, 4'*t/^-^ i i o>*y- 
K 1 0 4, ItiSIOS 102, 7" / - F 1 0 3 £ 1 ^ 

* 1 1 3 SrflSLT, la^ 7 ^56s£$t5„ IWi 
5 (wflHi-^ — 5 ( b ) ir.* Lit 0 l 
«S*i--a * iv%> /K7)Sfc, h tf»*-tr /< * 

i l 0©tttt, lttroj^S-fe^U'— * l l 3tM«HB# 
ro^-te^^SPUf 5a»fc##LTl^3. Hot, 

Wii^i^ir. iot, lasyh 'f J *ir/< u 

[0 0 4 5] flfixfcLfc KtiiCi^^U - ?6D J; 7.) 

ffifir y - K l o 3 t wfflT-B^^^JS i o 5 p ■tm 
/£L, te^ffittJBW-tr^'u--* i i i tror^T^iPTk 

iW£->-A-«*:ffl^T ->-/W5 ~ n siitfcS. 
•t r T^HifctfilTtt, ftSp-fe/-? * w^iHTkiiifSfflU 
(0 5ro*±B5) i'ti, =-#*->$/I§«f&li l 4T 
fifc < •> y a ytfS(7)->-;m 1 1 5 LT^ 

■So 

[0 0 4 6] ft, *3|}fe#jTtt=^^Jl§^6DS*#J 
■fZ±;< u— $ t <D /Vfc J; tf-fcv* 1 — * |H±c0jj&S: 

Htfft&WS#SJ^ffi^-5 - i tt^. *fc, 0 6i- 
M^"t"<5 J: 5 \T-H7.>ry b l l 6£ffit*T, /i^i 

[0 0 4 7] (2) flSie : £t± % IS^ Lfc i 5 L 

T«8Miw**7l-a „ »ss2o«t5„ * 
m Lfzm?mm.mmfczmJ9-rz> - 1 omz* \m_xz> 



(7) #12 0 0 1-2 3 6 6 5 

12 

[0 0 4 8] 07 iC,T<-f± 5 ST «ffiW^gd 200 
tt, H7a^20lK:, Il/ny^Ol K&IS: 
§;h,fc 8 *W{iiS^*t>/J'-r K 2 0 2 £ , 4*£D^^ y K 
b 2 0 3 ir. 4{I«T -v h 2 0 4 £, |2/d ^ 
2 0 5 kti*bW&&tir\,^ 0 ft 1 -/;; y ? 201tl 
2 7" o y 9 2 0 5 \%Wi. ¥<Z>+tt*Wm&&^&mxB 
RE^ixT^So H 1 7^201 6DftiJgfir(-t, 3-oCD 
10 ft, -f-^fc^Matsftfrtt^P 206 a, 207a, 20 

T, |l7ay^20 1 W±ffitOffl P S|5 2 0 6 b , 2 0 
7 b, 2 0 8 biriiD-CV>5 0 BJ7T*ii, ifl^fKD^. 

&tWW&m3& 206, 207, 208 cO^-^W^^flft' 
LTV* 5. m^iiKiS, M«ffi«/if*^JHIE 
• S# LfcftC. LT«aKR*tT 9 fc 

*©iiKT**>5. AQff • ^*3j:t>*«a^{-ov*Tii 

[0 0 4 9] 0 8f±, <ES5#Lfc-fey«u-^*Jj;U«tt!¥ 

20 wii^ai^w^ft 200 izmm Lx^zmT&m&tf) 
i^Ltzmmmxh^ 0 ms ( a ) i±, s?sft^»2 

0 0 i r. fill L T ^ 5 S ?- * E ffi i » P, E 7c ft 7^,;<L7- f> 
g]8 (b) ii, 0 8 (a) (OP-PfilT^ 
RVi'0^-7W./-J* L7clftfJ0T'fc5„ El 8 ir 

{if 6$}:.. Il7'D->^20 1±i:iiLT^< o f- 
»#*^a[Ji*S:iESf#LT*S#, $ 1 7p ^20 1 

i\ ~tiii, mMZhtz&^ffltfMJE&tiXV^^M 
30 Tft^»e*tbSr tS:jffift5fc«)T*>5 0 

m #■ % -i-mmm l x ts < £ , it^-r <* t jpjee $ n a 

13.=. y hro«SfrS:(S^i-5«^fS 1 7p 
^201 iraST5 0 r©± 5irTix{i, t&tRfrhUa 

mi£x<nmfflmt. mmzmm-tz^--y b^fs^^L 

Xfrh&fc w = = -7 b ^fiiftSJtroBti L 
40 trj;oTS«-r5ri:^nriEt?Jb«. -t-4*j*)» El 9« 

7*o y^atg*-t-J: 5ir., iflgS 2 0t»LT« 
#IgS 1 0«rft*BT-efi 1 5«)T-*)5 o Sfc, te^77& 
£ LT, <S^J»Lfc==-.y b^^l y^±tci== 
-7 bWiTafeir, ±^a>&JpjE>'JJ ^^-eJPBE1-5 
rtfcHl^Tfca 0 r©J:5 4*«fetJ:*btf, #=-=-> 
h©^«#/5>feiPff*T60B#ra*«fS*9-ir1-S ' £^ 
T#5„ 

[0050] i^-~y hmzmszhzztiz'ntDffim 

50 tbtfj K2 0 2i' iot, Et^^itftJ6SK5. ^<7> 
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i o I =L=-y IS 1 5/ ? 2 

0 1 ±{C*aJrr-5l8Hw K2 O 2iaot 

#-fe /^-^ #'>-m-tfl|S L"Cl v "C fc , IIS TM S 

[0 0 5 1 ] {HM-tklbjlJ K2 0 2l:iot#t 

Fjt« ft* *6 l * frhmm-tzzt & x # 

o i ±-C'#fI-fe/<'u—-^ £«#KJK$?£<E&*-f<5- i 
U"— ^ t io V— K 1 0 4, 77 - K 1 0 

3, «#KSf i o 2#£iiU£«SL-tv ci 
[oo5 2] ^mmmvim^TMs i o^im, 

- * £ HWftfll t £t£*»- =fc o T ->-;u-f 3 i 1 1 
(d, * ($lx.ff, MSas-fc^ 20 

^ l l l ■ 1 -it ;i ti:"--' : v 110, feSi/^i^^-fe- 

/^-nio ^fr.'-iH''^ v 113) p^mmwi- 

LTt^5 0 r © <£ 5 ftffUft, SI 1 ^DynOl 
US L ^tH -CHlfii- 5 K ftfl L T ^ sfc V *W T\ #HJte 

tfl-ett. atigs 2 o t{iBiJt'iSSf*:i:es i o $rK 

[0 0 5 3] m 7 £ fcttH 8 T?f± % f 1^07^20 1 40 

ictt 8 #o{ia?& K2 o 2&&M£)nx^5-t><D 
b Lxmw Lfci*, t *>3//&|I8t»jtM' K 2 o 2 

■f- <fc 5 ^^.iW^^A-fcf-lXifj-j' 6 r^fcft 5o rfcfr 

K 2 0 2 T'fia** bTt3# , la=5»F 
*5*t, RM«d»P>i»«-caS**'*¥ bolts «fc 3 
(' LTfiS**1--5OT'fe5 0 1210(4, d(^>J;5i-b 

fi*>J: 0 b*m8 (b) ©S^ttSirMJSL-CV^. ft, 50 



Vi I'M 2 0 0 1 - 2 3 6 6 5 
14 

1^5. 121 1 0 5 id, ffiflftfcfttf-f K 2 0 2 lift 

ipt^w^ i l 3 >9 # 5 2 hi::, i%lf4*w^i5 
rfc 3 tLT^5o (ftKftii>#>r Kw&WIUdll, ^r-oo 
>^2 0 9t'PSb$H5Jf £x.lS2 1 odSKJt&nrv^ 
-So (SS#S tll£±s< \s-9m<r>nmto*m 1 y ^ 

2 0 1 {r ms-r <5 «{c , jfjifi2 ioiaot2 #a 

«4rffi«ft»^>f K 2 0 2(©«:v^ffl^t,aai-5 Cl fc i« 
x*%Z><dx\ m 1 0 1 ±l-«Jf -f 5{f3S;a 5 ^ 

[0 0 5 4] ( 3 ) JpflE • : JW±<D ± 5 i' bT 

3 o^-iiiji;'--!-/, agigs 2 oT-aii-f 

PlilOO-fe^ffeS. *^^!lT*(t, 5 0t^* 
[0 0 5 5] JOff- ■ gflgS 3 0 (1, SIIfMS 2 0 

tt, ^iat? 1 0 0 0 n h >-) ififroipi^^it 

1 OI)#rpllHiJ^(*^-rS^S7i 5 fcS„ tofct. 
^©HttiP£E-SE#*#K:J:o-casSH-5. MM -fe 
^©^c* SiJ/hS < fttLtf-etilcotLT/jpScffi 

ot, jpfi»ir^»B#r«i«»b#5 0 

[0 0 5 6] 121 1 1 (4, ^HJfefiSJcDJimiit^S 200 
frh, |2 7'a ^ 2 0 5/<.|itU M?;, ~T y V 2 0 4 X 

fimm^Mm ■mmn&T-tz* mmm^mfrzm 

flit, 4o«t7 h 2 0 4<D'f%tf){<\li Y)Vi/ f-'T'vJ.'P •,)•/, 

ti^fci5ff^ttic:K/£-tti(ttv\ fcSv^it, ftcoi;5ft 
^rSiictoTtt^o 3tT, cr<tv>i^ft->h 
2 0 4 ^^feftttT, ^tl^^fiffS£[0]»/c(tt- s/ h 2 0 
4£[H]fc£-it5 0 t-y h^lHJIS^-frtLft^tL/cltlfSfef-t 
tt-5^ bKft&frb^ -fy Y<nmU\"\WL (fc^VM40te 

a*) icct 1 ?, mMmmmmm^Mt^mm^m^^m 
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[ 0 0 5 7] Wi 1 2 KTjctJ; 5 &#j!fc£fflV\H 

So 1-4*5*>, H2:/p 5-^ 2 0 5 tr-/ux«2 1 1 £ 
ffl^TFjr5£©M i^'MMMXltfo 10 0kg) 
ft, zoyftmx-r-y h 2 0 4 

2 1 1 (DMMZmm-Za 12/0^ 2 0 5 <DffiK& 
ty h 2 0 4T?g£Lfcfttt % ^^i2 1 1 <DMm* 
J& Y) m "X t , 11^0^201 ±<75^g#:i^fiBFf^ 

12 1 1 -C*H««r*»ltTV>5»-C, -t-y h 2 0 4 COUP) 

•So 

[0 0 5 8 ] MS. • 8*iSs 3 o tc&i'j-SAnSrofttttr 

7^ 2 0 5 i:b- v±/^±y h LT*i#, MS-ftiiJ 

LtU^, $>3W4, HI l 3 ;.-,jW.t ■) j:, 

jK/u h 2 o 3 coWtf&m®.'?— v'-t-WfeU rixici-i 

iBfiiJJnfei t , ^-wsf^ffi LT* 9 y KtfVu h 2 0 

3 KmvmmMHtm u * * y k#vw h 2 0 3 ©i* 

W^S: t^ftS, K^'A- h 2 0 3 (DWXfMt 

ttJfcfllHflW:: h h t)> tb s miLf- 'Jxy 9 y K#'/P h 

2 0 znwum^wm^MmMmmmmmio&M 

a-f 5 w £ 5. «K % * y RtfA- h 2 

03 (^'ii5fiWr;± 4 &x<nWx$1k$:ftmi,. Wtf 
mtfmmi-tezz. o \z--y y y 2 0 a #*uf , & 

[0059] El 14 (a) !: )" t; 5 ^ 1 "/u '/ 

2 0 1 fc5^liH2/n y? 2 0 5 CO t'h h MZWM^ 
U2 1 2 SrKit, 112 y'o y9 2 o 5 (D&iiL&mrZ 
£.OlZLX-k£l\ &ffffi|2#2 1 2 i LTH WxJ4x 

^&mmmmz-iJute>?>i]Qm<Dmzi£Mi-z<Dx\ m 2 
/b^ 20 5 <nmi\L%<w9ir?)Z t xmmmz.mt>z 

014 ( b ) ,/ -K:l .1, 5 ty h20 4 CDTI-Jinv"^ 
2 1 3 m%WirtX t 4 K X * y KtfVu b 2 0 3 liffltt 

asflsvvo-e. ^j^tf-^-y h 2 0 4 ?r^[H]tefc^t#*(r^ 

m~tl\7Xi>*9 y h 2 0 3 1"^ 



(9) #M 2 0 0 1 - 2 3 6 6 5 
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t>*,w«mas^^ai35Jn*tt^:§ < j#ap lt tt 

5 o :W:ML X m 14 ( b ) yp-f X. 5 1-20 
4 0Ri^2 1 3 SrK«-C*i»ttf. m/<*2 1 314 
7*9 y K^Vu h 2 0 3 \ctt-<X$.B L^fV ^ "C, fci 
ity h 2 0 4£Wlto#fe|riK#fci: LTt»4S* 
aif*('iPtj5;?)PacDiiJp$-/h$ < »i5:H5t*t, 

[0 0 6 0] [ft, W±mP>j Lf-Wftt, **«IItir^° 

t4, fi^jpx.^^ o.i.u - - j -5 r t j; 9 . mmnmt ± 

[0061] ::t> j: 15 , mnmm 

mmft&Mm-tzm&y-i i 5 (a) 
Ltj3< 0 i&mmmi, iwsE©iESf*xss 1 0^5 
mmx-hz, zzx\ 3mm<n±'<y—#k* t>y-v 

10 4, ffiftlWK 102, 7;-Kl03^S , l^=J' 

20 y9 2 0 1 i;tiLT^< 0 @fS*«)-fe''< ^—9^m 
mv±ibm2-y*v-y9 20 5 Srtfe-fr. jiftMRSS 2 0 

ort^uxaf-iHOii/^TT^wiPS^Px, 12/ 

^ata&tfj'txjg-fs ~ t {- j;otfjt^»ap4^p 
M-jt^nttaiaKii^a 2 0 0 r't w«fi[f 

tXiX M^M^iM2 0 0^-<;u h =i VM4 

flE-iftSrtmS. ftoT, 7^1 (*7ci4 
40 T#5 0 

[0 0 6 2] ##4T(r, *Httffi|K)jiftfCttSV 2 0 

(b) t*Lfc. BuxBLfc 9 ^ftAtt 
SffOiPIEE • ^#{-|±*<l 1 0R#rag«iPJ±^^^^jft- 

*H*W©*fttti^ia 2 o o Srffl 

ftLfcttfttffc&fcv*. 19, l^»7L-^i^ftSt 
ffi t5 ^ * tL5 r fcfc/jC 5© T\ 

50 ^^-^tMfA #ic»^^x«^ffijl 
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i4 h7^77 ~> mm l t a iwtt- 5 r 1 1> an 

[0 0 6 3] Jill; 60 £ 9 LT, Lfcfca-fe'* l- 

— ^ jo j: vm.mnwi%f *m-&^^v\~ ft . m 1 ■/ n ^ 

2 0 1 ±!raii LSI ;'.-/:.> y '/ 2 0 5 *• .feu :\ @f£« 

fcS#fflasffi <fci"5 r t K- ct "9 . ±y< \/ — * i: 

LT, c <n>%9sfr bmmi* h -5 v >f±§M fctf* as 

awi a c: t tttt < & 6 0 * ft s ^Mfciz m l r t ^a-t 

/<ls—Sr l 1 3 i^gC-ter^l— * 1 1 llB£fc*i3*bfc 

> iot ->-^ s ti x mQfcAwmz.mtiMi- 

[0 0 6 4] ( 4 ) liiESIg : ^Hlfiffil-Ctt, 0 7 20 
djjcf i 5 S§ 1 7o ^20 1 (rgait fefrfc 3 oro 
j&S«cf£l&&fflSg 206, 207, 208 Srfijjfl LXfl 

f! 1 7"p y * ±.m<nmfe<Viu.WfcM P LtVS. 
^fSP{iSto^T, 0 8 (b) *-{!jl|K. CilWj iv,, 

0 8 (b) Tftt, *^?ixrott3£«e*fltiJ&iitt«:liSai-e 

*sixTv^ e m^-tzkoi', &&ffi.fcw&mv& 2 0 

6©T»ftffilJ»lPa52 0 6 btt, ±'<U—?$;&mL1t 

tZimMtf^mmi i 2 5iK affllKRrtfcixT^ 

So 207W[»Pgi5207b 30 

«$Ht:#*Si&?L l 2 3 a* < ttS^frfft^ii 
Eg 2 0 8 <7>§f| P §B 2 0 8 b fl^£P*iiSg?L 1 2 1 # < 5 

tent, ^^miSitfctixv^o it$ 

Lfcj»4*7l!lfMtt^, P 2 0 6 a, 20 

7 a, 2 0 8 a (D^tli'tl^h^^i^.W-^^t^V, 5fe±I 

Lfc&Mftft^ft^i^P^s t«$k 
[0 0 6 5] £AT\ SiftWft0>8ERfcov*TK931"5. 

111 1 6 (a) f± x *Hlfe^jT*fToTV^5iii&l*»<0— #1 40 

#1<"<2 3 1 A»C>afct(ISaEfrr±*lft»;:i*£E#2 2 9 1- 

-ett, Bffft, ^r6Stf*f4 3S^(C^H$^fLT. ^il^' 
t ffi* ft U tfeSSE ft f£*&gg 2 

3 0 MKtt hfltc 3 ^(D&M&M: 206c, 207c, 
2 0 8 c a> f^Sif <£{M? P206a, 207a, 20 

8 a ro-tjh^fu^a&sixa. «feataEfr«t#&s[t 2 3 0 

(TMWi&l^ 206c, 207c, 2 0 8 cl±, MfeMMfc 50 
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Sat 2 0 0 £DB 1 "/a y?201 ;-„Kit feHfc 3 060^ 
S»fif*«KP 206a, 207a, 208 a ^{liHM#, 

o o Lfc?g, «^»£wt^sg 230 zmm 

:> X-P, 1 Vi: ->• '/ 2 0 1 {Cjf Lo(t5 3o»g|;'i 
M% 206 c, 207c, 2 0 8 ci, ^rtb^tl/O^lS 
-r&fe&m'fcW&n 2 0 6a, 207a, 2 0 8 a h <D 

MT*i4 3 o»siiA^ mzm&LztiT^x* mmiz 

mm 1r>% 7 -f S i 5 f ' tc o T ^ 5 # , tt*-i5ftfr * 

5 3 <><»%WL%\ZJ$ffi&% ; 206c, 207c, 208 

5 ± ') K LX fc So 

[0 0 6 6 ] 3 o^f^Jt- 206 c, 207c, 20 
8 c £^3t»ftff#tt£P 206a, 207a, 2 0 8 a K 

aatt^^^jfei-So jfe-f, mih#2 2 ozm^x, m 

SIKInP 2 0 6 a /6^«S^^-v-*— ^ 

mftzi&tev. mtm^^.mLx^< 0 EM22 3 

^M>tJE{C^Lfc <b*«A^7 Lfc t w»ft?# *<7>-e, 
MH# 220 SrH \LX]±M\2 2 3 ©Kis^M-Si^S 1 

It 2 2 3 C73ffi^#^ II^UVK ©t', dtL{i «t >9 *> 

^*i5ft^«^ti 2 3 0 Ktatt e>tbfciia« l# (h*« 

[0 0 6 7] JW±^J:5f-LT, K 

2 2 1 Srl^T^-ft;^^-^^*— A- Krt^1tSM#:45fe 
« L, A'A7<7 f LftbBH* 2 2 1 SrH L :i:7j : l 2 

2 4 roflE^^bSrW^S. ; ; ;i74 : iS!f?ffi LXhlZjjmt 

oy^%±tinftm^^t mm l-c. 2 

3 0 f^iait fe^fciias L#/5^^ LfcftSiitff SrttW 
t5„ ft*P*-r=*— yPKt-ov^-Ct. IrI#(-LT^ 

[0068] ^HffifiJt'fc^Tii, ^^/x-e 

7^ was lei So Mx.lt. WRVtBUzKiiWl^X^&ft 
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fc ra«$K»fci*ifc&*ifii-a r. i &v\, tot 
^[5i]B*i'3lS-t-5 * kh»mtti:?> a sir. zcnjsmz 

(b) zm^xmm-rz, 

[OO69J016 ( b ) 11, 3 ":h>vv..:;.\- 'V- K»il 

3„ iiiMcD0 16 (a) tiLfcMTU, 10 
ff# 2 2 9 CDTJIlfJT* 3 SM^K £ftT V> 5 HI 1 
6 ( b ) cD«tfi wtl^M L"CiftE#©±aEWC^(S S 
ftTV^?5#tf)*aW«£oTV^ 0 r«)ftftt, El 16 
( a ) CD#-g-K{±#-7~*-^ K©*«Ji^H:4TP- 
Xfo-otctiK EI 1 6 (b) WJi-^{'ii#-r=-^— /u KS 

226, 227, 228 W^Jg«^glJ* {^1£;£1~ 
ri:iST#4. 20 

[0070] kt, Ei i6 (b) ^m^x^mmm 

~f So f'*. 3 OC7)j$j£# 226, 2 2 7, 228 fcglj 
*«fitStfLt*3t, MH#2 2 0, 2 2 1, 2 2 2 
fcH tfctt«S-etfc3tE*#«|&»fll 2 3 0^1 1 yn y ? 
2 0 1 ^SfeR-f 5„ gfefC, 2 2 0, 2 2 1, 2 2 

< „ ff^ltf- 22 3, 224, 225 GDfita5£/g Lfc b3fe 
m*%7 Lfc i ^JBr Lt, 3 oo|3M#4iTM L, iff 

^©i o^LXi^-zi-ooBi^^nmi- &z t 30 

[oo7i] 5tef\ 3o©ff;fcff©ttfr£{b;fl*ftrm 
fi\ ^ft^*ft<7>-v~/fc— >v Yb^%&WfcftWfct£b^ 
tzCDXfo&frb. ;i< K«v— /Hi5&£T<fc3 

[0 0 7 2] 1 OCDffi^ff CDlfi^^ft L, {&(D 2 0(7> 
BE* fttt^ft LTV^frV 1±M$.C0&it Ltz^=- 

:i ta*T£5 0 40 

[0 0 7 3] 2o©ffi^tf©i[^i ttTiJoTV^i 
fit W ^ ft L/c 2 oC0-e = * K id A-CD ft % 

#a* h o t #^ = jj> - a k <d fp t mtmmm f* w a- 

A KlfflasiiilLTV^T, JE£-7~*— A K<DF*3t|5i 
[0 0 7 4] 2^><Dj£M\P>0 lO(Oj±^|ft©fit^ 
ft^JIMt^fcy-f 5 2o©-7 = *-/uKMv^l:ai 50 
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{*nmmttmtixi^£\,^tmmi~6 z t s„ 

[0 0 7 5] 3 m&Jl^CDmmik LTV ><5#& fc , 

2 w-roflrasaEft: lt v » 5 t immm^ l 

T, ifcD^Tv— A-^fiiS^ Lfca^&lTS'lf fR& 
#2>r ia5T#5 0 

[0 0 7 6] z<n£o\~LX3 KnV£M\<rM(nmt\z. 

v^a^H-f-stt$a^#5ria5T#2. 0 
[0 0 7 7] 01 6 (b) ^Lfc*«felrj:nif, 3o 
</)^n;j- : -/u K©aij!W*aE«rl^NF^ff 5:i a^T# 5 co 
T\ ltaa**lBl±**5wi:iSBrtg-efc5 0 * 
SlW^Bft', «4 Lfc A^jfe©|^^(' BB-f ^>ffi 
mZZkt>T%Z<DX\ r©tl«Sr. i ^ i:»fEC0M3aX 

MitlS/it") C7-f- K/<s/^ S-ST. ifrt Lt® 
mm®m*fa ± S * 5 r t as pTSgTfc 5 i v > 5 fiJjS fc fc 

[0078] 01 7 *s ii50 1 8 iz s mnmmmmfcft 

lcBf& * ftTV ^5 #-r yl/ KtttSEflE#i**« 5 ft 
TVK*£-7-£«&tf)K*-#-o 017 (a) 
= ^-yW KiC3t±I$ft-5#^SrypLTV^„ S 1 y 
? 20 1 (DWmzmtt>tltz&&ffift&1fen 2 0 6 a t 

§[52 0 6 b^iioT. j^!|Sf^^iiS&?Ll 2 5a^ililLT 

^iiSS?Ll 2 5(1, 03fc5V>tt08 (b) 

A-K£±#LTV»<„ 017 (a) TV^!i\ 0tO^|fl 
ffl!|iS:±#LTVK n 017 (a) 

*3iEaS#f±KR^*ft8IJi#rt Sr 4 ■n(om&\z£frtiX ± 

fkSr^rtafcftoffi^w^SLfctroTffca,, 01 7 

( a ) ©*{BJ^!«4*'^ilS&?L 1 2 4 a>i'luif) LTffM 
ZtXtzmPrlS >^ Ka5^^ftTV^ 0 0CD# 

iff! t K:«?fifc S tvfc 2 o co - v =. ^ —)V K n (1 . 
y<u-^^iSit^ft/c»^'^»ft^l 0 5Pfo^o 
TV^ (0 2, 0 3#fig) „ ^rT\ ^*»ltft:fi^fif){W 
<D^~*~/\sF&'Mtc1-bMtytfZ.%iV&l 0 5 Pile 
-C*fflH^j$S^-e=*-^KtaEA-r5. 01 
7 (a) Ttt, 0WS^ft^®lt5fcfe, «m^/^jt» 

l 0 5 Pffl*»H|J; 0d»4"J^/j:B^mL-Cv^ 
-So ^ 5 LT2ooM^v=*- AKrtW^f^JEa5 

[0079] 017 (b) i±Kft^'^-7-*~A KJ^tft 
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m&tizm-i-k, hiziemztiz® 

2 0 7 a, 2 0 8 a izfeg.M#%&%&-f & t , [1 Pgffl 2 
0 7b, 2 0 8 b frhmZ'tMO-r — Tti—jU KcD?gA£ 

Kt*3tflE#iS** &ft5<, 
[0 0 8 0] /W K{w3t«ft-5^«*»EE 

\,tz13xi>m®.L*?-t<'&r>XlJ*m<Di& Ft¥< 45 

»x\ ?e±i3e r&Mi$i?9x*>-/H4o&i§£«®ri~5 d 

«rfiK«i-5*J^itt ) *)5»T\ lit «t »> mil 4 ?ct|(J± 
t)$;?&tbX$5< <nx°foZ a £ fc . JfriPTk-^-tf;— K<7> 

<fc 9 tffifeKKS LTjo^x t> J:v> 0 rtiB, 
-^t, a?*<D 's-MzVc^xifenjlvn ~>-M*®M x 20 

K^Jt-<X{£v^ibXfc5 0 W^xv:.* 
SCitJff L. ^SPtJc© 'y—M-t'y—M^^MM LXff o 

MtiiXte, ;v vizfli&ffifc&ftm Lipibxfi'' 

fcofc 0 30 
[0 0 8 1 ] ffi. gH±WjRWt'*SV^Ttt, tfeSitfti L 

t u * l fc # , © # * T Z> Z. 1 1 ~»T 

SvMi^ y •/ A X x « £-{ : J ; !)! ! - .1- //, 7* o . -tSt 
\z s '•> F-4<D/J« $ ^jUv^v HSiSjiSfcS W 
X\ fc /h * v * Xfe 5 tK**'x ffl-f 

•vn*— ^KiX&SESEft&^lELXk -fftib 40 

/h**^«rtt*&LTt J:v\ ,:.fi.7^^i±|A l ; LX 
MScTO«*rtT-co{k^R^c;5^tg+4^te^ t ^ 5 , '> 

[0 0 8 2] W±RW LTtfc i 5 fr % *^te^ij(7)»4 
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mm - ®*s mmm&rto z. t^-e#5 0 seo-c, ad 

x-ZZkthiz, P~7»!rt>7 h-T5^it«S* 

[0 0 8 3] * fc, 2 0 0OH7' o y t 

20 1 mmmm<r>mmm^mxzr^izth 

(Ktfil&mfcWtan 2 0 6 a, 207a, 208a //v*!! 

ij-pfs. m*.it. mnmmmsmmmmmm2 o 

X * fc*S-f: . m&y 4 ><Z)f^#f±«-#W& p fc&fi 

[0 0 8 4] f. ! 4. Ri-cDfjlKtfc^TJS, ^?f»El*i*^ 
iiKii^l 7"'p 7^201 izWtrtbtiX^Z h<F>b LT 

Lrtfc^ mmom&^m 2^^205 

It T fc tUfc/il/ \ fj 17'P'7^20U!)S2 y' a y t 

2 0 5 izmntzijiK m^mmu^ao^m-^M< 45 
[6] ±$-fr5rt^-e#5«-&tfe5 . 

[0 0 8 5] lie, Sr!Sll*Pgff 2 0 0 U y 

h t ,:,|$U\ h77X7 7 "^77T'!l-^ KllCiS 

-f 5 i b \z lx t^v\ r b -ttiti. S&^^fi 2 0 

oizmtbi%tz^m^m^Q<Dimt y - .7 
(D^Mum^z -mz%^ rtms o-e, 

"Jeii&5 0 

[0 0 8 6] *3lite^c7>Mai*^fi2 0 0 A- ill 

*>, W«*»^{--&^-frxm 17'n^201i3j: 
^27'n^ 2 0 5 ^^SI^X ^^tt*&P 

oxxt,, [r] l y — ^ i > xsaK^^fT 5 

rtiS-etS. IlT'o 2 0 1 fe5V>{«^ 

mmiztb-rm-imizmrtxterttf, immomn 
mfo<Dmmm*m^$nm*m^x®%,\zmM-fz>z. 

t tte&c S.IZ. y K^Vb V <D\iLWZ1fc- L 

I^Lgg*ffiffl1-5r iraspJfi6-eS)5. SE-oX, 

[0087] m&nmmw.2 0 a^nmm*^? \-izm 

I17'ny7201 gff^»iSffl^° 

U'y hi— frtjg^urt iv>. r5tWl 

sig 2 0 0 >v«ixj!i/s > -y ,:,'»/. .r(*y> htm-t 
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[0088] u ±<dx o c Lxmmm^mji-^ t , 
mnmmMmimmmmmmm 2 0 0 a»&js 9 

r , *IIgi'*iS^tt5 0 ft 1 "/n y ? 2 0 1 > ft 2 y 
a, fff ? Jiii.gs 2 0 fcn&ip&StiT, JO 

j± ■ feirig? s 3 0 ja «t ummnmiM s 4 0 kgejs s 
1 0 0 s 9 1 mmmmmm 200 

U<) J A-\-t.:.»:\z ! <l. ty h 2 0 4*6*)^Ltl27'p 
^ 2 0 5 4r#t.-f£.SiS*>S. rro^tC, -J- 3/ h 2 0 4 10 

tfWi 2 ftp -^ 2 0 5 ^bllL/i^J: 5 fa ft 2 ftp 
y? 2 0 5Cty hjf £ J: 5 K LT 

w <D -W*ria 1 9 £*1" 0 ft 0 4 tt g S kiehe «r 
ffi-Cfc 0^2/n^2O5 SrftfeW-ft 5Ci ft e £ 
ft. -r-v h 2 0 A^m.^X^yy>i>Mt^-fy httSi 

2 1 4W|oi*otl2yP7^ 2 0 5ftfe>Mftfe3 
wififtv\, „: coj; •'•) scft y hlf Sft2 l 4ftsmrii 

(ttf , ft v V 2 0 4 [2ft 2 ft a y {/ 2 0 5 t ill 
SS 2 0 ^ftl&^rL^OT, ft 2 y'ti y? 2 0 5 Sr*Sf*6 
fa tt3ft-;/fe204Sr 6 i&Sa* ft < ft 9 , 20 
* £ fS] ± tsitzzb tiStHi:, Mit y A > 
<B g KKfcSrH 5 Rfc: t ft h ftl&Sg^JMrftS&gft 
ft< *5©t«tfc5 0 

[oo9o] aawfct?aiatt0fis>5ci/^wwf**T/fcfli 
mm i o Kjja^&x few. it&®Masfe6 t w»r$*i 

<fc 5 £ LT»fc©0f U M&L&ft 

XgS l OWtPM'TmliELftft, ftip-fev^u— $ l l 

3 t zh.\z.m-th&±^^~"7 1 1 1 C0^^ttv"-yW 30 

t\ M± • iftffcotWipt^^^ i i 3 kita 

&±;<u-# 1 1 lMT-^mmasflssr^s-rsii 

i«^rilt?*>5„ r©± 5tftfrj$LT^3«ft- SrH2 0 t 

«, 020 Km-TS: 5 '> LTo^Lft^ fe, £&t*f* 

StSIi^T^?). LXMtiXl^&^-y Vtm 
££tifcfe, ^<n=^=.-y feco£.£IEitft^--=:y b ft-^ 
Lxm&il-rtilt, (5Jfe»<ffiit5rt^^# 40 

■5a 

[0 0 9 1 ] J^±, #ffi«il»^Jfto^TIftWLT#ft 
ft , #3£ §H f±±fB-r-< T W *J£$I ft PS fe CO T'(i ft 
< , ^60^t^MLft^tQiSicfcV^Ta*60ffi#T-|l 
Jt-r*rfci«t?#5. 0ijx.fi. JiiicotSiB^fwjo^Tfift 
2 7'o ^ 2 0 5 £ft>/ h*rfflV^T«F«)#»fC^5iS, 
0 2 1 {cMftrftS i 5 +yl> co^fc U (r h 2 l 

[0 0 9 2] *ft v «±K>RWKl*SV^-C«aaP»©* 
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i\ ffeco^co -ffltLXlts »;»J:^atWti 

SiyP'^201 t!2/p^ 2 0 5<t££Wcm 

m®fct&i-zmKmmzmix&< a 2 

0l.tft2^as/^205i ■IrttmWi.rlfe&f Si'fl. 

^x«ft 2 yp ^205 cDMmimmmmnxm 5 

ftt*-fntfJ:t\ ?kv>T% ^SM»W-*&n^^feS/tft7K 

\.xwmm&z.wm.*ttH- u, ft 1 7* n.^ 
2 0 1 «ti t ft 2 y cj y v 2 0 5 coma t totesfssr 

ftWffrtt, ^^ft^-fe/^fr*tiTV^<!:%^feJx5 
[0ffiwfS¥ftl»PJ] 

m 2 ] |t^»«SlftffliIlr«^!:^tIil 

[EJ3] «-«-fe^u~^i:«fllSCIK, *y-K, ry- 
K SriB* i r T J»^«**fltJ«-t 5 #-7- Sr BJ S X 

[0 4 ] *nifewir*j zmwm?mmft<»mk • m& 

[15] la=. ; h#69ir/^-^*^«jmftif£{6 
[0 6] *'Xft-> h^il^T f>^0?-fe/N°U'— ^ 

[las] -^mmoym^mmmm.^. fefe^u •/ 
[09] *nmm<Dmnm,mmmimz&^x, \mm 

[010] ***w©iii!!rtaftKitfcajisw3-=y 

[01 i] #3l*fl<o»&OT*§£*fc:j3V*-r\ E)ta£«Jp 

[012] ?\sxm*mm-tzz. Hao, 

W0T-foS o 

[0 i 3 ] S&itf^goo;*.* y K/K'/u h w#t>*4-f+Iij 

m-f 5 #7- SrtEjS: W i^T^WLW M Xh 5 . 
[014] *^Jfe^roSait8^«^SSfgpWSrUttS 

ft ± $ 4± T ^ 5 « 7 5r m & W ( ' 0H ^ -r 5 K 0 -C fe 5 . 
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fifctftSSEfttf^ «SW*^JB#rt©?&3*-^=#— ^ 201- 
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[ID 1 9] *3IJfe0!lw^2^n s/^^-^y hff£x.£rl£ 2 0 3- 

^fc»^-Sr«^i-5lftWHT*>5. 2 0 4- 

[0 2 0] *5)lltWt*SV^*!*f«?lWiJi#*3.= y 1 2 0 5- 

lliffi-C^Lr^StS^SraAWt^-fKWBI-CibS. 2 0 6, 

[021] ftfewM^i LTro*aSt»g|lro±ft:®tfcS: 2 0 6 a 

*fUiKI§lTfc5 0 2 0 6 b 
Ift^omW] 20 2 0 6 c 

1 0-TO«jUl 2 0 9- 

2 0-im A W 2 10- 

3 2 11- 
1 0 0 A~ 1 0 0 D---m&mStfMMfc 2 12- 
1 0 1 ■■■%.±;U 2 13- 
1 0 2--m«KII 2 14- 

i o 3 -ry— K 2 15- 

1 0 4--* y— K 2 2 0- 

1 0 5, 1 0 2 2 3' 
10 5P, 1 0 6 P-*'^»ft?S 30 2 2 6' 

1 1 0 ---cp^t-try^ L — ? 2 2 9- 

1 1 1 -jti$H±s<l'—# 2 3 0- 

1 1 3—i£ip-feA*l — y 23 P 
1 i 4-3uK*^ttfffi*SE#»l * 
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